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7KLV ERRNZDV SUHSDUHGZLWK WKH JXLGDQFH RI D6WHHULQJ*URXS FRPSULVLQJ0DUWLQ%ODFNZHOO
$QGUHZ%ULVWRZ'DYLG+DWFK6WHYH-DUYLV3KLO0XUUD\DQG5RJHU:LONLQV:HZLVKWRWKDQNWKH
PDQ\SUHVHQWDQGIRUPHUPHPEHUVRIVWDIIUHVHDUFKVWXGHQWVDQGYLVLWLQJVFLHQWLVWVWR+XUOH\
DQG1RUWK:\NHZKRKDYHZULWWHQDUWLFOHVDQGSURYLGHGSKRWRJUDSKV$GGLWLRQDOO\ZHZLVK WR
DFNQRZOHGJHDOOPHPEHUVRIVWDIIZKRFRQWULEXWHGWRWKHVXFFHVVRIWKHUHVHDUFKVWDWLRQV:H
DUHDOVRLQGHEWHGWRWKRVHZKRKDYHUHDGDQGLPSURYHGWKHYDULRXVFKDSWHUV LQWKHERRNDQG
SDUWLFXODUO\DFNQRZOHGJHWKHDGYLFHIURP)UDQN5D\PRQGDQG'DYLG%HHYHURQWKHFKDSWHUVRQ
µ7KH'HYHORSPHQWRI+XUOH\DQG1RUWK:\NH¶DQG µ+HUEDJH4XDOLW\DQG8WLOLVDWLRQ¶ IURP%RE
&OHPHQWV RQ µ*UDVVODQG 3URGXFWLRQ¶ DQG %ULDQ 3DLQ DQG 'DYLG 6FKROH¿HOG RQ µ6RLO DQG
(QYLURQPHQWDO 6FLHQFH¶ :H WKDQN *LOOHV /HPDLUH IRU FRQWULEXWLQJ D VKRUW µRXWVLGH¶
DSSUHFLDWLRQRIWKHUHVHDUFKDW+XUOH\DQG1RUWK:\NHDQG/HV)LUEDQNIRUKLVIXWXUHSHUVSHFWLYH
)LQDOO\LWLVDJUHDWSOHDVXUHWRDFNQRZOHGJHWKHRUJDQLVDWLRQVWKDWKDYHPDGHWKLVSXEOLFDWLRQ
SRVVLEOHWKURXJKWKHLU¿QDQFLDOVXSSRUW7KH6WDSOHGRQ0HPRULDO7UXVWFRYHUHGDERXWKDOIRIWKH
WRWDOFRVWDQGYDOXDEOHFRQWULEXWLRQVZHUHPDGHE\7KH%ULWLVK*UDVVODQG6RFLHW\'DYH6LPPRQV
3ODQW+LUH(FRV\O3URGXFWV/LPLWHG0ROH9DOOH\)DUPHUV7KH13.&OXE1RUWK:\NH5HVHDUFK
1RUWK:\NH 6RFLDO &OXE 1RUWK:\NH 7HQQLV &OXE DQG 5XPLQDWLRQV /LPLWHG 'DYLG %HHYHU
7KH6WHHULQJ*URXS
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7KLV WLPHO\ SXEOLFDWLRQ UHFRUGV WKHPDMRU HYHQWV LQ WKH KLVWRU\ RI JUDVVODQG UHVHDUFK ERWK DW
+XUOH\ DUJXDEO\ WKH ¿QHVW VXFK ,QVWLWXWH LQ WKH ZRUOG LQ LWV KH\GD\ DQG LQ WKH FRQWLQXLQJ
LPSRUWDQWLQYHVWLJDWLRQVDW1RUWK:\NH7KHLQWHUQDWLRQDOUHSXWDWLRQRIWKHWZRVWDWLRQVKDVEHHQ
EXLOWODUJHO\RQWKHUHVHDUFK¿QGLQJVRIWKHVWDIIPDQ\EHLQJZRUOGOHDGHUVLQWKHLU¿HOG7KHLU
ZRUN FRYHULQJ VRLOV SODQWV DQG DQLPDOV RI QHFHVVLW\ UDQJHV IURP WKH DQDO\WLFDO WR LQFUHDVH
XQGHUVWDQGLQJWRWKDWWRLPSURYHSUDFWLFH6RPHRIWKHWHFKQLTXHVWKDWKDYHEHHQGHYHORSHG
HJ IRUVWXG\LQJKHUEDJHTXDOLW\RUSLRQHHUHG HJPRGHOOLQJDUHQRZXVHGZRUOGZLGH  ,W
LV KDUGO\ VXUSULVLQJ WKDW ERWK VWDWLRQV KDYH DWWUDFWHG D FRQWLQXLQJ VWUHDP RI YLVLWLQJ UHVHDUFK
ZRUNHUVDQGSRVWJUDGXDWHVWXGHQWV
$Q\ UHVHDUFK LQVWLWXWLRQ¶V ORQJWHUP LQWHUQDWLRQDO UHSXWDWLRQGHSHQGVRQ WKHFRQWLQXLQJTXDOLW\
DQG UHOHYDQFHRI LWVRXWSXW7KLVERRN LQGLFDWHVKRZ WKHZRUNSURJUDPPHVKDYHVXFFHVVIXOO\
DQWLFLSDWHGRUEHHQDGDSWHGWRFRQVWDQWO\FKDQJLQJUHVHDUFKQHHGV)RULQVWDQFHLQYHVWLJDWLRQV
RQ IDFWRUV OLPLWLQJ WKH SRWHQWLDO SURGXFWLRQ IURP JUDVVODQG LVVXHV RI VXVWDLQDELOLW\ HIIHFWV RI
PDQDJHPHQWRQWKHHQYLURQPHQWDQGWKHUROHRIJUDVVODQGLQZLGHUODQGXVHFDQDOOEHLGHQWL¿HG
DVUHVHDUFKSULRULWLHVWKDWKDYHFKDQJHGRYHUWLPH7KHPDMRUUHVSRQVLELOLW\IRUGHWHUPLQLQJWKH
VWUDWHJLFUHVHDUFKGLUHFWLRQRIDQLQVWLWXWHIDOOVWRLWV'LUHFWRUWRJHWKHUZLWKWKH*RYHUQRUVZKR
ZLWKWKHLUVWDQGLQJDQGLQÀXHQFHSURYLGHLQYDOXDEOHVXSSRUW
5HVHDUFKFDQRQO\EHXQGHUWDNHQLI¿QDQFHG7KHVROHVRXUFHRIIXQGVXQWLOWKHPLGVZDV
WKH$JULFXOWXUDO5HVHDUFK&RXQFLO$5&ZKLFKHYROYHGVXEVHTXHQWO\WRIRUPWKH%LRWHFKQRORJ\
DQG %LRORJLFDO 6FLHQFHV 5HVHDUFK &RXQFLO %%65&$OWKRXJK , UHFDOO PRPHQWV RI µFUHDWLYH
WHQVLRQ¶±HDUO\GLVFXVVLRQVRQWKHSRVVLELOLW\RIHVWDEOLVKLQJDUHVHDUFKFHQWUHDW1RUWK:\NH
DQG WKHDSSRLQWPHQWRIDQDJULFXOWXUDOHFRQRPLVWVSULQJ WRPLQG±ZHHQMR\HGJRRG UHODWLRQV
WKURXJKRXWP\WLPHDW+XUOH\ZLWK$5&VXSSRUWLYHRIWKHZRUNDQGHQFRXUDJLQJVRPHÀH[LELOLW\
LQWKHSURJUDPPH7KHIDFWWKDWVWDIIKDYHEHHQVRVXFFHVVIXOLQREWDLQLQJFRQWLQXLQJVXSSRUW
GXULQJWKHVXEVHTXHQWSHULRGZKHQDYDLODEOHWUDGLWLRQDOIXQGVKDYHGHFUHDVHGSURJUHVVLYHO\VD\V
PXFKIRUERWKWKHTXDOLW\RIWKHZRUNDQGWKHLQJHQXLW\RIWKHUHVHDUFKVFLHQWLVWV
1RUHVHDUFKFHQWUHFRXOGKDYHZLVKHG IRUPRUH OR\DODQGGHGLFDWHGVWDII WKDQ WKHFROOHDJXHV
WKDW,KDGZKLOVWDWWKH*UDVVODQG5HVHDUFK,QVWLWXWH*5,,WZDVDVWLPXODWLQJDQGSOHDVXUDEOH
H[SHULHQFHWRKDYHEHHQDPHPEHURIDWHDPLQFOXGLQJVFLHQWLVWVWHFKQLFDODQGDGPLQLVWUDWLYH
VWDIIZRUNLQJWRJHWKHULQDKDSS\DQGSURGXFWLYHHQYLURQPHQW$VUHSRUWHGLQWKLVSXEOLFDWLRQ
ORQJVWDQGLQJIULHQGVKLSVKDYHGHYHORSHGDPRQJVWVWDIIVRPHUHVXOWLQJLQPDUULDJHVDQGPDQ\
VRFLDODFWLYLWLHVLQLWLDWHGDQXPEHUEHFRPLQJDWUDGLWLRQ,FDQRQO\UHLWHUDWHVRPHRIWKHZRUGV
RIDSSUHFLDWLRQH[SUHVVHGE\IRUPHUYLVLWLQJUHVHDUFKZRUNHUVDQGVWXGHQWVLQWKHLUYLJQHWWHVDQG
DOVRVD\WKDWLWKDVEHHQDUDUHSULYLOHJHWRKDYHSOD\HGVRPHVPDOOSDUWLQWKHKLVWRU\RI+XUOH\
DQG1RUWK:\NH
$OHF/D]HQE\'LUHFWRU*UDVVODQG5HVHDUFK,QVWLWXWH±
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$FNQRZOHGJHPHQWV7KH6WHHULQJ*URXS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7KH'HYHORSPHQWRI+XUOH\DQG1RUWK:\NH5RJHU:LONLQV  
 6RFLDO/LIHDW+XUOH\LQWKHV9DOHULH/RFN\HU  
 ,PSUHVVLRQVRI+XUOH\'DYLG&KDSPDQ    
 +XUOH\7KH*UDVVODQG&OXE1LJHO<RXQJ    
 5DGDU+XW'D\V3HWHU3HQQLQJ     
 1RUWK:\NH(DUO\'D\V1LJHO<RXQJ    
 7KH5RQ7HUU\7RXUQDPHQW-RKQ3DUDGLQH  
 &ORVLQJ+XUOH\'LFN%DNHU      
 %%65&6SRUWV'D\V3KLO0XUUD\     
 $1RUZHJLDQLQ'HYRQ3HUVSHFWLYHVIURPD9LVLWLQJ
  6FLHQWLVW/DUV1HVKHLP     
 1RUWK:\NH$'UHDP-XDQ&DUORV'XPRQW   
 1RUWK:\NH6FKRROV¶,QWHUDFWLRQV3KLO0XUUD\   
*UDVVODQG3URGXFWLRQ5RJHU:LONLQVDQG7HG/HDIH   
 (QFORVXUH$SSDUDWXV7KHµ0RRQ0DFKLQH¶7HG/HDIH C 
 7KH+XUOH\3DVWXUH0RGHO-RKQ7KRUQOH\    
+HUEDJH4XDOLW\DQG8WLOLVDWLRQ5RJHU:LONLQV    
 ,Q9LWUR'LJHVWLELOLW\RI)RUDJH)UDQN5D\PRQG   
 'R$QDHURELF)XQJL/LYHLQWKH'LJHVWLYH7UDFWRI
  5XPLQDQWV"0LFKDHO7KHRGRURX    
 *UD]LQJ%HKDYLRXU3HWHU3HQQLQJ     
 ,QGLUHFW5HVSLUDWLRQ&DORULPHWU\DW+XUOH\'DYLG%HHYHU  
 7KH+LVWRU\RI5XPLQDQW0RGHOOLQJDW+XUOH\'DYLG%HHYHU 
 'RUVHW:HGJH6LODJH)UDQN5D\PRQG    
 *UD]LQJ0DQDJHPHQWWR&RQWURO3DUDVLWHV&ROLQ6SHGGLQJ 
 6ZDUG+HLJKWDQG*UDVVODQG0DQDJHPHQW7RQ\3DUVRQV 
6RLODQG(QYLURQPHQWDO6FLHQFH6WHYH-DUYLV    
 )ORZLQJ6ROXWLRQ&XOWXUH'DYLG+DWFK    
 ,VRWRSH5DWLR0DVV6SHFWURPHWU\5LFN0DUVKDOO   
 /HDFKLQJIURP*UD]HG*UDVVODQG'DYLG+DWFK   
 7KH6XOSKXU6WRU\$QGUHZ%ULVWRZ    
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 $PPRQLD(PLVVLRQV7RP0LVVHOEURRN    
 &RZVLQ7HQWV6WHYH-DUYLV C    
%LRGLYHUVLW\DQG6\VWHPV5HVHDUFK6WHYH-DUYLV    
 *UDVVODQG6XUYH\V$ODQ+RSNLQV     
 7KH7DGKDP3URMHFW-HUU\7DOORZLQ    
 6RLO3KRVSKRUXVDQG*UDVVODQG3ODQW'LYHUVLW\-HUU\7DOORZLQ 
 (LJKWHHQ0RQWK2OG%HHI3URGXFWLRQ'LFN%DNHU   
 7KH0LQL&DWFKPHQW:RUNDW1RUWK:\NH3KLO+D\JDUWK  
 6,06'$,5<$1RYHO0RGHOOLQJ)UDPHZRUNWR6SHFLI\5RXWHV
  7RZDUGV6XVWDLQDELOLW\IRU8.'DLU\6\VWHPV
  'DYLG6FKROH¿HOGDQG$JXVWLQGHO3UDGR   
&RQWULEXWLRQVRI+XUOH\DQG1RUWK:\NHWR*UDVVODQG
  6FLHQFH*LOOHV/HPDLUH     
1HZ'LUHFWLRQVIRU*UDVVODQG6FLHQFHDW1RUWK:\NH
  5HVHDUFK/HV)LUEDQN     
%RRN/LVW         
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7KH*UDVVODQG5HVHDUFK,QVWLWXWHZDVIRXQGHGRQVW2FWREHU7KLV,QVWLWXWHZDVLQLWLDOO\
EDVHG DW 'UD\WRQ QHDU 6WUDWIRUGXSRQ$YRQ ZKLOVW QHZ IDFLOLWLHV ZHUH EHLQJ HVWDEOLVKHG DW
+XUOH\QHDU0DLGHQKHDG7KH,QVWLWXWHDFTXLUHGDVHFRQGUHVHDUFKVWDWLRQDW1RUWK:\NH'HYRQ
LQ 6HSWHPEHU  7KHUH ZDV D SHULRG RI SURJUHVVLYH UHVWUXFWXULQJ RI ,QVWLWXWHV WKDW OHG WR
WKH IRUPDWLRQ LQRI WKH ,QVWLWXWHRI*UDVVODQGDQG(QYLURQPHQWDO5HVHDUFK ,*(5ZLWK
KHDGTXDUWHUVLQ$EHU\VWZ\WKDQGWKHFORVXUHRIWKH+XUOH\5HVHDUFK6WDWLRQLQ,QDIXUWKHU
PDMRUFKDQJH,*(5FHDVHGWRH[LVWDWWKHHQGRI0DUFKZLWKWKH:HOVKVLWHVEHFRPLQJ
SDUWRIWKHQHZO\IRXQGHG,QVWLWXWHRI%LRORJLFDO(QYLURQPHQWDODQG5XUDO6FLHQFHV,%(56RI
$EHU\VWZ\WK8QLYHUVLW\1RUWK:\NHUHPDLQHGZLWKWKH%%65&DV1RUWK:\NH5HVHDUFKDQG
WKHQEHFDPHSDUWRI5RWKDPVWHG5HVHDUFK
7KLVERRNLVEHLQJSURGXFHGWRPDUN\HDUVRIUHVHDUFKE\WKHFRQVWLWXHQWSDUWVRIWKH,QVWLWXWH
DW+XUOH\DQG1RUWK:\NH,WDOVRVSDQVWKHHUD LQZKLFKWKHUHZDVDQ LQVWLWXWH LQ%ULWDLQZLWK
µ*UDVVODQG¶ZLWKLQLWVWLWOH7KHLPSRUWDQFHRIJUDVVODQGWRPDQ\DVSHFWVRI8.DJULFXOWXUHDQG
ODQGVFDSHIXQFWLRQLVDVJUHDWQRZDVLWZDV\HDUVDJREXWWKHIRFXVKDVFKDQJHGIURPWKH
XVHRIJUDVVODQGWRSURGXFHPLONPHDWDQG¿EUHWRPXOWLIXQFWLRQDOJUDVVODQGSURYLGLQJDUDQJHRI
SURGXFWVDQGVHUYLFHV5HVHDUFKRQJUDVVODQGZLOOFRQWLQXHSDUWLFXODUO\DW1RUWK:\NH5HVHDUFK
DQGLQ,%(56ZLWKPXFKRIWKLVFDUULHGRXWLQDEURDGFRQWH[WUHODWLQJWRODQGXVHSDWWHUQVDQG
UXUDOHFRQRPLHV
,QHYLWDEO\ LQ WKLV VKRUW ERRN ZH KDYH QRW EHHQ DEOH WR JLYH FRPSUHKHQVLYH FRYHUDJH RI DOO
WKHDFKLHYHPHQWVDQGKDSSHQLQJVDW+XUOH\DQG1RUWK:\NHRU WRQDPHDOO WKRVH LQYROYHG LQ
SDUWLFXODU GHYHORSPHQWV$ FKDUDFWHULVWLF RI WKH 5HVHDUFK 6WDWLRQV KDV EHHQ WKH VWUHQJWK RI
WKH WRWDO VWDII ZLWK DOO FRQWULEXWLQJ WR WKH DELOLW\ WR GHOLYHU KLJKTXDOLW\ UHVHDUFK0DQ\ RI WKH
IURQWOLQHVFLHQWLVWVKDYHEHHQQDPHGEXWWKH\UHSUHVHQWRQO\WKHWLSRIDQLFHEHUJ7KH\KDYH
EHHQGHSHQGHQWRQH[SHUWDVVLVWDQFHZLWKLQ WKHLUJURXSVDQGRQ WHFKQLFDODQGDGPLQLVWUDWLYH
VHUYLFHVSURYLGHGDW+XUOH\1RUWK:\NH$EHU\VWZ\WKDQG%%65&KHDGTXDUWHUV7KHLQWHJUDWHG
HIIRUWVRIWKHZKROHKDYHEHHQFUXFLDOGXULQJJRRGDQGEDGWLPHVRYHUWKH\HDUSHULRG
:HDUHSURXGRIWKHDFKLHYHPHQWVDQGWKHTXDOLW\RIWKHVFLHQFHIURP+XUOH\DQG1RUWK:\NHDQG
VHHNLQWKLVERRNQRWRQO\WRSURGXFHDKLVWRULFDOUHFRUGRIWKHVHDQGWRKLJKOLJKWNH\GHYHORSPHQWV
LQWKHUHVHDUFKEXWDOVRWRJLYHVRPHLPSUHVVLRQVDQGLQVLJKWVRIOLIHLQWKHUHVHDUFKVWDWLRQVRYHU
WKH\HDUV7KH¿UVWSDUWWDNHVDFKURQRORJLFDODSSURDFKWUDFLQJFKDQJHVLQRUJDQLVDWLRQUHVHDUFK
IRFLDQGIDFLOLWLHV7KLV LVIROORZHGE\FKDSWHUVWKDWRXWOLQHPDMRUUHVHDUFKDFFRPSOLVKPHQWV LQ
NH\DUHDVRIUHVHDUFK3URPLQHQFHLVJLYHQWRVKRUWIHDWXUHVRUYLJQHWWHVRQVRFLDODQGFXOWXUDO
DVSHFWVDQGRQVSHFL¿FUHVHDUFKDFKLHYHPHQWVZULWWHQE\IRUPHURUSUHVHQWPHPEHUVRIVWDIIDQG
YLVLWLQJVFLHQWLVWV$¿QDOVHFWLRQJLYHVDSHUVSHFWLYHRQWKHIXWXUHIRUUHVHDUFKDW1RUWK:\NH

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%DFNJURXQGDQG(VWDEOLVKPHQWRI+XUOH\
0XFKRIWKHLQVSLUDWLRQIRUWKHIRXQGDWLRQRI*5,FDPHIURP6LU*HRUJH6WDSOHGRQZKHQKHZDV
'LUHFWRURIWKH:HOVK3ODQW%UHHGLQJ6WDWLRQ:3%6$EHU\VWZ\WK*UDVVODQGVXUYH\VFDUULHG
RXWLQWKHVE\:LOOLDP'DYLHVDVHQLRUVFLHQWLVWDW:3%6KDGKLJKOLJKWHGWKHSUHYDOHQFH
RIQHJOHFWHGDQGXQSURGXFWLYHJUDVVODQGLQ(QJODQGDQG:DOHV:LWKWKHRQVHWRIZDUDQGWKH
FUXFLDOQHHGWRLQFUHDVHDJULFXOWXUDOSURGXFWLRQD*UDVVODQG,PSURYHPHQW6WDWLRQZDVVHWXSDW
'UD\WRQQHDU6WUDWIRUGXSRQ$YRQLQXQGHUWKHGLUHFWLRQRI6WDSOHGRQ7KHREMHFWRIZRUN
DW'UD\WRQDQGDWWKHVXEVWDWLRQVDW0L[RQ+H\LQ6WDIIRUGVKLUHDQG&ROHVERXUQHLQ:DUZLFNVKLUH
ZDVWRGHPRQVWUDWHWKHSUDFWLFDELOLW\RIPDNLQJUXQGRZQJUDVVODQGPRUHSURGXFWLYH6LU*HRUJH
6WDSOHGRQUHWLUHGLQDQGZDVVXFFHHGHGDV'LUHFWRUE\:LOOLDP'DYLHV
0XFK ZDV DFKLHYHG EXW WKH QHHG IRU PRUH UHVHDUFK RQ JUDVVODQG ZDV KLJKOLJKWHG 7KH
UHTXLUHPHQWVZHUHFRQVLGHUHGE\D*UDVVODQG5HVHDUFK*URXSVHWXSLQE\WKH$JULFXOWXUDO
,PSURYHPHQW&RXQFLORI(QJODQGDQG:DOHV7KLV*URXSUHFRPPHQGHGWKHHVWDEOLVKPHQWRID
SHUPDQHQWLQVWLWXWLRQIRUJUDVVODQGUHVHDUFKDQGWKDWLWVKRXOGEHORFDWHGLQDQDUHDZLWKDQQXDO
UDLQIDOORI±PPDQGEHFORVHWRD8QLYHUVLW\RUD3URYLQFLDO&HQWUHRIWKH$GYLVRU\6HUYLFH
7KH*URXS¶VUHFRPPHQGDWLRQVZHUHDFFHSWHGDQG+DOO3ODFH)DUP+XUOH\QHDU0DLGHQKHDG
ZDV ERXJKW E\ WKH0LQLVWU\ RI$JULFXOWXUH DQG )LVKHULHV DQG VSOLW EHWZHHQ XVH IRU JUDVVODQG
UHVHDUFKDW+XUOH\DQGWKH%HUNVKLUH)DUP,QVWLWXWHODWHUWKH%HUNVKLUH&ROOHJHRI$JULFXOWXUH
DW %XUFKHWWV *UHHQ 7KLV ODQG H[WHQGLQJ RYHU  KD IXOO\ VDWLV¿HG WKH VSHFL¿FDWLRQ DQG
FORVHSUR[LPLW\WRWKH8QLYHUVLW\RI5HDGLQJZDVDQLPSRUWDQWDVVHW7KHODQGZDVRFFXSLHGLQ
6HSWHPEHU
7KH*5,ZDVIRUPDOO\HVWDEOLVKHGRQVW2FWREHUDVDFRPSDQ\OLPLWHGE\JXDUDQWHH7KH
,QVWLWXWHKDGD*RYHUQLQJ%RG\DSSRLQWHGE\WKH0LQLVWU\RI$JULFXOWXUHDQG)LVKHULHVDQGE\WKH
6HFUHWDU\RI6WDWHIRU6FRWODQGZLWKVFLHQWL¿FVXSHUYLVLRQIURPWKH$5&7KH*RYHUQLQJ%RG\KDV
SOD\HGDNH\UROHRYHUWKH\HDUVLQVWHHULQJWKHGHYHORSPHQWRIWKH,QVWLWXWHDQGEULQJLQJWKHZLGH
H[SHUWLVHRILWVPHPEHUVWRVXSSRUWWKH'LUHFWRUDQGWRDFWDVDPEDVVDGRUVIRUWKH,QVWLWXWH$
EORFNJUDQWZDVUHFHLYHGIURPWKH0LQLVWU\RI$JULFXOWXUHDQG)LVKHULHVDOWKRXJKUHVSRQVLELOLW\IRU
WKHEORFNJUDQWDQGIRUWKH,QVWLWXWHZDVVXEVHTXHQWO\WDNHQRYHUE\$5&
5HVHDUFKZDVFDUULHGRXWDWERWK'UD\WRQDQG+XUOH\XQWLO'UD\WRQZDV UHOLQTXLVKHG LQ
WREHFRPHDQ([SHULPHQWDO+XVEDQGU\)DUP7KHKHDGTXDUWHUVZDVDW'UD\WRQXQWLO WUDQVIHU
WR+XUOH\LQ7KHDFWLYLWLHVDW'UD\WRQDQG+XUOH\GXULQJWKLVSHULRGZHUHGHVFULEHGLQWKH
DQQXDO SXEOLFDWLRQ ([SHULPHQWV LQ 3URJUHVV :KLOVW PXFK RI WKLV HDUO\ ZRUN ZDV FRQFHUQHG
ZLWK DJURQRP\ZLWK IRFXV RQ VHHGVPL[WXUHVPDQXULQJ DQG VHHG SURGXFWLRQ HYHQ IURP WKH
IRXQGDWLRQ RI *5, FRQVLGHUDEOH HPSKDVLV ZDV JLYHQ WR JUDVVODQG XWLOLVDWLRQ DQG DQLPDO
SURGXFWLRQ/LNHZLVHWKHHIIHFWVRIJUDVVODQGDQGJUDVVODQGPDQDJHPHQWRQVRLOFKDUDFWHULVWLFV

UHFHLYHGVWURQJHPSKDVLVLQWKHUHVHDUFK7KHEHOLHIWKDWJUDVVODQGUHVHDUFKQHHGHGWRVSDQ
VRLOSODQWVDQGDQLPDOVZDVVWURQJO\KHOGE\VHQLRUVWDIIDQGE\ WKH*RYHUQLQJ%RG\DQG OHG
WRVXEVWDQWLDOGHEDWHZLWK0LQLVWU\RI$JULFXOWXUHDQG)LVKHULHVDQG$5&DWDWLPHZKHQPRVW
UHVHDUFKDQGPRVW,QVWLWXWHVKDGDIRFXVRQHLWKHUSODQWVRUDQLPDOVDQGOLWWOHHQFRXUDJHPHQWZDV
JLYHQWRPXOWLGLVFLSOLQDU\UHVHDUFK7KHYLHZVIURPWKH,QVWLWXWHSUHYDLOHGDQGWKHSURJUDPPHV
RIUHVHDUFKZHUHUHÀHFWHGLQWKHWLWOHVRIWKH¿YH'HSDUWPHQWVHVWDEOLVKHGLQWKH,QVWLWXWH/H\
$JURQRP\$QLPDO$JURQRP\+HUEDJH$JURQRP\&KHPLVWU\DQG1XWULWLRQDQG3ODQW3K\VLRORJ\
7KHVL[\HDUSHULRGIURPWKHDFTXLVLWLRQRIODQGDW+XUOH\WRWKH¿QDOUHOLQTXLVKPHQWRI'UD\WRQ
LQVHHPVDORQJWLPHFRPSDUHGZLWKWKHVSHHGRIPDMRUVXEVHTXHQWFKDQJHVEXWPXFK
QHHGHGWREHGRQH7KHRQO\EXLOGLQJDW+XUOH\ZDVDVLQJOHVWRUH\EXLOGLQJWKDWKDGEHHQXVHG
DVDUDGDUVWDWLRQGXULQJWKHZDUDQGWKLVUHPDLQHGLQFRQWLQXRXVXVHIRUYDULRXVSXUSRVHVXQWLO
WKHFORVXUHRI+XUOH\LQ7KHUHZHUHQR¿HOGVXSSOLHVRIZDWHURUHOHFWULFLW\$QLPSRUWDQW
DSSRLQWPHQWZDVWKDWRI5DOSK'HDQDV)DUP0DQDJHU+HFDPHWR+XUOH\ LQ-XQHDQG
UHPDLQHG DV )DUP 0DQDJHU XQWLO  SOD\LQJ D NH\ UROH LQ VXSSRUWLQJ UHVHDUFK DQG
DFFRPPRGDWLQJWKHIDVWLGLRXVUHTXLUHPHQWVRIWKHPDQ\UHVHDUFKVFLHQWLVWV6WDI¿QJDW+XUOH\
ZDV VWUHQJWKHQHG HDUO\ LQ  ZKHQ ,GZDO 2ZHQ$VVLVWDQW 6HFUHWDU\ ODWHU WR EH ,QVWLWXWH
6HFUHWDU\DQG)UDQN$OGHUODWHUWREH+HDGRI$QLPDO$JURQRP\PRYHGIURP'UD\WRQWR+XUOH\
7KHUHZDVDQHDUO\SURJUDPPHRIHVWDEOLVKLQJIDUPEXLOGLQJVDQGKRXVHVIRUWKH)DUP0DQDJHU
DQGIDUPVWDII)LHOGVZHUHODLGRXWLQORWVRIDERXWKDVXLWDEOHIRU¿HOGUHVHDUFKDQGIRRWSDWKV
ZHUHGLYHUWHG
'HVSLWH WKHVKRUWDJHRI IDFLOLWLHV WKH¿UVWH[SHULPHQWVDW+XUOH\ZHUHVRZQ LQ$SULOZLWK
REVHUYDWLRQSORWVRIGLIIHUHQWYDULHWLHVRIJUDVVHVDQGOHJXPHVDQGVWXGLHVRQURRWGHYHORSPHQW
VRLOVWUXFWXUHDQGJUD]LQJEHLQJHVWDEOLVKHGLQWKDW\HDU$SSURYHGH[SHULPHQWVZHUHDOORFDWHG
DQµ+¶QXPEHUDFRQYHQWLRQWKDWFRQWLQXHGXQWLOWRZDUGVWKHFORVXUHRIWKH6WDWLRQ7KHQXPEHU
RIOLYHVWRFNDW+XUOH\ZDVEXLOWXSZLWKFDWWOHVKHHSDQGSLJV
EHLQJSUHVHQWLQ
7KHPDLQSURJUDPPHRIIDUPEXLOGLQJZDVFRPSOHWHGE\DQGKDOIRI
WKH,QVWLWXWHVWDIIZDVDW+XUOH\E\WKDWWLPH([SHULPHQWVLQ3URJUHVV
UHSRUWVWKDW³WKH5DGDU+XWLVQRZFRQJHVWHG´7KHQXPEHURIJUDGXDWH
VWDIILQWKH,QVWLWXWHLQFUHDVHGJUDGXDOO\IURPLQWRLQ
&RQVWUXFWLRQRIWKH5HVHDUFK%XLOGLQJODWHUQDPHGWKH6DQGHUV%XLOGLQJDIWHU3URIHVVRU+DUROG
6DQGHUV&KDLUPDQRI*RYHUQRUVDW WKH WLPHFRPPHQFHG LQ2FWREHUDQGZDVRI¿FLDOO\
RSHQHGE\6LU'HUULFN+HDWKFRDW$PRU\WKH0LQLVWHURI$JULFXOWXUH)LVKHULHVDQG)RRG0$))
RQ WK -XQH DOWKRXJKRQHZLQJ RI WKH EXLOGLQJ KDGEHHQ LQ XVH IRU RYHU D \HDU7KLV
SURYLGHGRI¿FHVDQGDFRPSUHKHQVLYHODERUDWRU\IDFLOLW\$QDQLPDOKRXVHDQGIDFLOLWLHVIRUGU\LQJ
DQGSURFHVVLQJKHUEDJHVDPSOHVZHUHDOVRVHWXS$QLPSRUWDQWIHDWXUHZDVDODUJHFROGVWRUHLQ
ZKLFKIUR]HQKHUEDJHFRXOGEHVWRUHGSULRUWRXVHLQDQLPDOIHHGLQJH[SHULPHQWV
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,Q  WKH &RPPRQZHDOWK %XUHDX RI 3DVWXUHV DQG )LHOG &URSV ZDV WUDQVIHUUHG IURP
$EHU\VWZ\WK WR +XUOH\ DQG DFFRPPRGDWHG LQLWLDOO\ LQ WHPSRUDU\ EXLOGLQJV 7KHPDLQ IXQFWLRQ
RI WKH %XUHDX QRZ SDUW RI &$% ,QWHUQDWLRQDO ZDV WR VHUYH DV D VRXUFH RI LQIRUPDWLRQ IRU
&RPPRQZHDOWKVFLHQWLVWVRQLQYHVWLJDWLRQVUHODWLQJWRJUDVVODQGIRGGHUVDQGDQQXDO¿HOGFURSV
SXEOLVKHG WKURXJKRXW WKHZRUOG 7KLV VWDUWHG DPXWXDOO\ EHQH¿FLDO UHODWLRQVKLS WKDW FRQWLQXHG
XQWLOZKHQWKH%XUHDXPRYHGWRDQHZKHDGTXDUWHUVIRU&$%,QWHUQDWLRQDOLQ:DOOLQJIRUG
7KH'LUHFWRURI*5,ZDVD&RQVXOWDQW'LUHFWRURI WKH%XUHDXDQGWKH,QVWLWXWHEHQH¿WWHG IURP
HQKDQFHGOLEUDU\IDFLOLWLHVDQGWKHSUHVHQFHRISURIHVVLRQDOO\TXDOL¿HGVWDIIPDQ\RIZKRPKDG
H[WUDRUGLQDU\NQRZOHGJHRIPDQ\ODQJXDJHVUHTXLUHGIRUSUHSDULQJDEVWUDFWVIURPQRQ(QJOLVK
OLWHUDWXUH%XUHDXVWDIIDOVRSOD\HGDIXOOSDUWLQVRFLDOOLIHDW+XUOH\$QLPSRUWDQWSXEOLFDWLRQIURP
WKH%XUHDXZDVWKHPRQRJUDSK5HVHDUFK7HFKQLTXHVLQ8VHDWWKH*UDVVODQG5HVHDUFK
,QVWLWXWH+XUOH\
,Q  6LU*HRUJH6WDSOHGRQ FRQYHQHG DPHHWLQJ DW 6WUDWIRUG XSRQ$YRQZKLFK OHG WR WKH
IRUPDWLRQRIWKH%ULWLVK*UDVVODQG6RFLHW\%*67KH6RFLHW\PHWIRUWKH¿UVWWLPHDW6WUDWIRUGLQ
-XQHDQGLQFOXGHGDYLVLWWRWKH*UDVVODQG,PSURYHPHQW6WDWLRQ$FORVHUHODWLRQVKLSZLWK
WKH6RFLHW\ZDVFRQWLQXHGZLWKWKH6RFLHW\¶VRI¿FHEHLQJDW+XUOH\IURPXQWLO'XULQJ
PXFKRI WKLV WLPH WKH6RFLHW\6HFUHWDU\ZDVDPHPEHURI*5,VWDIIDQGHLJKWFXUUHQWRUSDVW
PHPEHUVRIVWDIIEHFDPH3UHVLGHQWVRI%*6LQFOXGLQJWKHRQO\WKUHHSHRSOHWRKDYHVHUYHGWZR
WHUPVDV3UHVLGHQW6LU*HRUJH6WDSOHGRQ:LOOLDP'DYLHVDQG5RJHU:LONLQV7KLVFORVHOLQNZLWK
%*6DQGVXEVHTXHQWO\ZLWKORFDOJUDVVODQGVRFLHWLHVKHOSHGUHLQIRUFHFRQWDFWVZLWKWKHIDUPLQJ
FRPPXQLW\DQGPDGHDELJFRQWULEXWLRQWRNQRZOHGJHWUDQVIHUERWKIURPUHVHDUFKWRSUDFWLFHDQG
LQWKHUHYHUVHGLUHFWLRQ
±FRQWLQXLQJWKH'DYLHVHUD
7KLVZDVDSHULRGRI VWHDG\H[SDQVLRQRI*5,ZLWKDQ LQFUHDVHRYHU WKHQLQH\HDUVRI VRPH
 LQ WKH QXPEHU RI JUDGXDWH DQG WHFKQLFDO VWDII$ FRPSOHWH OLVW RI VWDII ZDV QRW JLYHQ LQ
WKH$QQXDO5HSRUWV XQWLO 7KHUHZHUH GHYHORSPHQWV LQ WKH RUJDQLVDWLRQDO VWUXFWXUHZLWK
)UDQN5D\PRQG MRLQLQJ µ7(¶:LOOLDPVDV D'HSXW\'LUHFWRU LQ 3ODQW DQG6RLO6FLHQFHV
KHDGHGE\µ7(¶:LOOLDPVFRPSULVHGWKH'HSDUWPHQWV
RI +HUEDJH $JURQRP\ -RH *UHHQ 3ODQW
3K\VLRORJ\ 2ZHQ -HZLVV /H\ $JURQRP\ µ7(¶
:LOOLDPV ([WUD 0XUDO .HQ %DNHU DQG WKH
0LFURELRORJ\ 6HFWLRQ (UQD *URVVEDUG ORFDWHG DW
/LYHUSRRO8QLYHUVLW\ZKLOVW$QLPDO6FLHQFHVKHDGHG
E\ )UDQN 5D\PRQG FRPSULVHG %LRFKHPLVWU\ DQG
$QLPDO 1XWULWLRQ )UDQN 5D\PRQG *UDVV$QLPDO
(FRORJ\ &ROLQ 6SHGGLQJ$QLPDO$JURQRP\ )UDQN
$OGHUDQG%LRPHWULFV/HVOLH&KDSDV
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7KLV SHULRG HVWDEOLVKHG *5, DV WKH SUHPLHU
JUDVVODQG UHVHDUFKFHQWUH LQ WKHZRUOG$NH\ WR WKLV
VXFFHVV ZDV WKH FORVH LQWHJUDWLRQ RI VRLO SODQW DQG
DQLPDOVWXGLHVLQWKHVDPH,QVWLWXWHDQGWKHDVVHVVPHQW
RI WKH LPSDFW RI PDQDJHPHQW YDULDEOHV LQ WHUPV RI
DQLPDOSURGXFWLRQUDWKHUWKDQKHUEDJHSURGXFWLRQ7KH
LPSDFWRIWKHUHVHDUFKZDVLQFUHDVHGE\DSKLORVRSK\
WKDW HQFRXUDJHG YHU\ FORVH OLQNV ZLWK WKH DGYLVRU\
VHUYLFHDQGZLWK IDUPHUV 2SHQ'D\VRIWHQDWWUDFWHG
±YLVLWRUV$VZHOODVH[SHULPHQWVDW+XUOH\
UHVHDUFKZDVFDUULHGRXWRIIVWDWLRQSDUWLFXODUO\E\WKH
([WUD0XUDO8QLWHVWDEOLVKHGLQDQGWREHFRPHD
IXOOGHSDUWPHQWLQ
$VWHDG\VWUHDPRI VHQLRUJUDVVODQGVFLHQWLVWV FDPH
IURPRYHUVHDVWRZRUNDVYLVLWLQJVFLHQWLVWVDW+XUOH\
DQGWKH+XUOH\PRGHOZDVLQFUHDVLQJO\DGRSWHGLQRWKHU
FRXQWULHV 7KH H[WHUQDO UHSXWDWLRQ DQG LPSDFW
ZDV IXUWKHU HQKDQFHG E\ WKH OHDGHUVKLS SURYLGHG
LQWHUQDWLRQDOO\ E\ VHQLRU VWDII 7KH ,QWHUQDWLRQDO
*UDVVODQG &RQJUHVV ZDV KHOG LQ 5HDGLQJ
LQ  )UDQN 5D\PRQG ZDV WKH *HQHUDO
6HFUHWDU\ DQG PDQ\ RI WKH OHDG SDSHUV
ZHUH JLYHQ E\ *5, VWDII 7KLV LV VWLOO ZLGHO\ UHFRJQLVHG DV RQH RI WKH PRVW LQÀXHQWLDO
PHHWLQJVLQWKHGHYHORSPHQWRIJUDVVODQGVFLHQFH7KH(XURSHDQ*UDVVODQG)HGHUDWLRQUHVXOWHG
ODUJHO\ IURPWKH LQLWLDWLYHRI:LOOLDP'DYLHVZLWK WKH)HGHUDWLRQEHLQJIRUPHGDWDV\PSRVLXP
KHOGDW+XUOH\ LQ:LOOLDP'DYLHVEHFDPH WKH¿UVW+RQRUDU\/LIH3UHVLGHQWRI(XURSHDQ
*UDVVODQG)HGHUDWLRQDWWKDWPHHWLQJDQKRQRXUDOVREHVWRZHGRQ5RJHU:LONLQVLQ
7KLVKHDY\ LQYROYHPHQWZLWK LQWHUQDWLRQDOJUDVVODQGVFLHQFHZDVFRQWLQXHG WKURXJK WKH OLIHRI
*5, DQG LWV VXFFHVVRUV 7KHUHZHUH RIWHQ DVPDQ\ DV  VHQLRU YLVLWLQJ VFLHQWLVWV VSHQGLQJ
H[WHQGHGSHULRGVDW+XUOH\DWWKHVDPHWLPH7KLVDGGHGPXFKWRWKH,QVWLWXWHDQGWRVSUHDGLQJ
LWVLQÀXHQFHPRUHZLGHO\0DMRUFRQWULEXWLRQVZHUHDOVRPDGHE\UHVHDUFKVWXGHQWVZRUNLQJIRU
WKHLU3K'GHJUHHV0DQ\RIWKHVHVWXGHQWVZHUHDOVRIURPRYHUVHDVDQGURVHWROHDGLQJSRVLWLRQV
LQWKHLURZQFRXQWULHV
7KLV SHULRG VDZ ORQJWHUP H[SHULPHQWV RQ WKH SODFH RI JUDVVODQG LQ DUDEOH URWDWLRQV FRPH
WR IUXLWLRQ /H\ IDUPLQJZLWK WKH DOWHUQDWLRQ RI JUDVVODQGZLWK DUDEOH FDVK FURSV KDG EHHQD
NH\ IHDWXUH RI WKH SKLORVRSK\ GHYHORSHG E\ 6WDSOHGRQ DQG'DYLHV DQG+XUOH\ZDV DQ LGHDO
ORFDWLRQIRUZRUNRQWKDWWRSLF7KHUHZDVDPDMRUWKUXVWWRH[WHQGWKHJUD]LQJVHDVRQIRUWKHIXOO
PRQWKSHULRG7KLVLQFOXGHGUHVHDUFKRQWKHGHIHUUHGJUD]LQJGXULQJWKHZLQWHURIJUDVVJURZQ
6RFLDO/LIHDW+XUOH\LQWKHV
7KH,QVWLWXWH UHFUXLWHGD ORWRIDVVLVWDQWVGXULQJ WKH
ODWH V  0RVW RI XV ZHUH LQ RXU ODWH WHHQV RU
HDUO\VZHZHUHDZD\IURPKRPHOLYLQJLQGLJVRU
EHGVLWVDQGWKH6RFLDO&OXEDW+XUOH\ZDVDQLPSRUWDQW
SDUWRIRXUVRFLDOOLIH
,UHPHPEHUJRLQJWRWKHFLQHPDLQ0DLGHQKHDG7KH
ODVWEXVZHQWYHU\HDUO\VRZHZRXOGZDWFKWKHHQG
RI WKH¿OP¿UVW WKHQZDWFK WKHEHJLQQLQJDQG WKHQ
UXQIRUWKHEXV
,I WKHUHZDV D GDQFH QHDUO\ HYHU\RQHZHQW 7KHUH
ZDVWKH7HQQLV&OXE WKH3KRWRJUDSKLF6RFLHW\DQG
WKH -D]] &OXE ZKLFK SXW RQ GDQFHV DQG WULSV WR
FRQFHUWV  7KHVH DFWLYLWLHV WKUHZ XV \RXQJ SHRSOH
WRJHWKHU DQG UHVXOWHG LQ PDQ\ VXFFHVVIXO +XUOH\
PDUULDJHV , WKLQN WKH\ ODVWHGEHFDXVHZHZHUHDOO
YHU\VLPLODUSHRSOHLQWHUPVRIHGXFDWLRQDQGWDVWHV
DQGZHZHUHIULHQGV$IHZRIXVOLYHGLQ0DUORZDQG
ZRXOGJRWRWKHFLQHPDRUWKHSXEDVDJURXSEHIRUH
JRLQJRXWDVDFRXSOH
)RUVHYHUDO\HDUVWKHUHZDVD6XPPHU)HWHVRWKDW
ZLYHVDQGFKLOGUHQFRXOGFRPHDORQJDQGWKHGLUHFWRU
:LOOLDP'DYLHVDQGKLVZLIHLQYLWHGPDQ\RIWKHVWDII
WRWKHLUKRPHWRJHWWRNQRZWKHPVRFLDOO\
9DOHULH/RFN\HU+XUOH\±

LQ WKH DXWXPQ IRJJDJH DQG WKH XVH RI IRUDJH
EUDVVLFDV IRU ZLQWHU JUD]LQJ 7KHUH ZDV PXFK
LQWHUHVW LQ ZLQWHUDFWLYH JUDVVHV DQG PXFK
DWWHQWLRQ ZDV JLYHQ WR WDOO IHVFXHV GHULYHG IURP
1RUWK$IULFD 8QIRUWXQDWHO\ WKH FROOHFWHG PDWHULDO
VXIIHUHG EDGO\ LQ WKH YHU\ VHYHUH ZLQWHU RI 
OHDGLQJWRWKHDEDQGRQPHQWRIWKLVOLQHRIUHVHDUFK
3HUYHUVHO\RQHRIWKHYDULHWLHVEUHGDW&DPEULGJHDV
SDUWRIWKLVSURMHFWZDVVXEVHTXHQWO\µUHH[SRUWHG¶WR
0RURFFRDQGZDVDVXFFHVVIXOYDULHW\
7KHUH ZDV DQ LQWHQVL¿FDWLRQ RI ZRUN RQ JUDVV
TXDOLW\ DQG XWLOLVDWLRQ 5HVHDUFK DW ERWK 'UD\WRQ
DQG+XUOH\GLGPXFK WR LGHQWLI\ WKH LPSRUWDQFHRI
GLJHVWLELOLW\ LQ GHWHUPLQLQJ DQLPDO SHUIRUPDQFH
SRWHQWLDO IURPJUDVVODQGDQG WKHJHQHUDO SDWWHUQV
RI FKDQJH LQ GLJHVWLELOLW\ ZLWK PDWXULW\ VHDVRQ
DQGFRQVHUYDWLRQPHWKRG7KLVZDVGRQH WKURXJK
IHHGLQJ VWXGLHV ZLWK VKHHS WKDW UHTXLUHG ODUJH
TXDQWLWLHVRI IHHG7KH UHDOEUHDNWKURXJKZDV WKH
GHYHORSPHQWE\0LNH7LOOH\DQG5RQ7HUU\RIDQLQ
YLWURWHFKQLTXHWKDWSURYLGHGDQH[FHOOHQWSUHGLFWLRQ
RI GLJHVWLELOLW\ LQ WKH DQLPDO 7KLV ZDV DUJXDEO\
WKH*5,¶V ELJJHVW VLQJOH FRQWULEXWLRQ WR JUDVVODQG
VFLHQFH DQG DSSOLFDWLRQ 5HVHDUFK RQ SDUDVLWH
FRQWUROZLWKJUD]LQJVKHHSZDVSURJUHVVHGGXULQJ
WKLV SHULRG GHVSLWH VHYHUH FRQFHUQV IURP VRPH
PHPEHUV RI WKH YHWHULQDU\ SURIHVVLRQ WKDW WKLV
DUHD RIZRUNZDV QRW DSSURSULDWH IRU D JUDVVODQG
LQVWLWXWH $ NH\ WRRO LQ WKLV UHVHDUFK ZDV
WKH HVWDEOLVKPHQW E\ &ROLQ 6SHGGLQJ RI D
VXEVWDQWLDO DUHD RI JUDVVODQG WKDW ZDV
PDLQWDLQHG IUHH RI JDVWURLQWHVWLQDO SDUDVLWHV E\
LVRODWLRQ SURFHGXUHV 7KLV IDFLOLWDWHG VWXGLHV RQ
JUD]LQJPDQDJHPHQW XQFRQIRXQGHG ZLWK SDUDVLWH
EXUGHQ DQG WKH UHVHDUFK LGHQWL¿HG DSSURSULDWH
PDQDJHPHQW SURFHGXUHV IRU SDUDVLWH FRQWURO
7+('(9(/230(172)+85/(<$1'1257+:
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,PSUHVVLRQVRI+XUOH\
$ IHZ GD\V DIWHU DUULYLQJ LQ (QJODQG WR VWXG\ IRU
P\3K' DW WKH*UDVVODQG5HVHDUFK ,QVWLWXWH DV LW
ZDV WKHQ DW +XUOH\ , ZDV SODFLQJ DQ RUGHU DW WKH
GHOLFDWHVVHQLQ:DLWURVHLQ0DUORZ³+D´H[FODLPHG
WKHPDQ EHKLQGPH LQ WKH TXHXH ³ZLWK DQ DFFHQW
OLNH WKDW \RX¶G EHWWHU NHHS D ORZ SUR¿OH´ (QJODQG
KDG MXVW ZRQ WKH $VKHV VHULHV DQG , ZDV EHLQJ
PLVWDNHQ IRU DQ$XVWUDOLDQ 6KRUWO\ DIWHU , EXPSHG
LQWRWKHVDPHJHQWOHPDQLQWKHFRUULGRUDW+XUOH\LW
ZDV'DYLG%HHYHUFULFNHWWUDJLFDQGRQHRIWKHPDQ\
LQWHUQDWLRQDOO\UHQRZQHGVFLHQWLVWVWKDWEXLOWXSRQWKH
DOUHDG\ZRUOGFODVV UHSXWDWLRQRI+XUOH\ ,URQLFDOO\
,QRZ OLYH LQ$XVWUDOLDDQGKROGGXDO$XVWUDOLDQDQG
1HZ=HDODQGFLWL]HQVKLS
,WZDV WKLV UHSXWDWLRQ WKDWGUHZPH WR+XUOH\ZKHQ
,ZDVOXFN\HQRXJKWREHDEOHWRVWXG\IRUP\3K'
RYHUVHDV:KHQLWFDPHWRFKRRVLQJZKHUHWRVWXG\LW
ZDV+XUOH\¿UVWDPRQJDOORSWLRQVE\TXLWHDPDUJLQ
5RJHU:LONLQVDQG7RQ\3DUVRQVVPRRWKHGWKHSDWK
IRUZKLFK,DPHWHUQDOO\JUDWHIXO
3URIHVVLRQDOO\P\WLPHDW+XUOH\DOWHUHGP\YLHZRI
JUDVVODQGVFLHQFHSURIRXQGO\,OHDUQWDQDZIXOORWDW
+XUOH\EXWSHUKDSVWKHPRVWLPSRUWDQWWKLQJ,JDLQHG
ZDVDEHWWHUDELOLW\WRWKLQNFULWLFDOO\DERXWWKHLVVXHDW
KDQGDQGKRZEHVWWRWDFNOHLWH[SHULPHQWDOO\0LNH
5REVRQP\VXSHUYLVRUFDQWDNHWKHFUHGLW IRU WKLV
KLVZRQGHUIXOO\SUHFLVHDQGHOHJDQWZD\RIORRNLQJDW
SODQWIXQFWLRQZDVDUHYHODWLRQ+XUOH\ZDVWHHPLQJ
ZLWK VXFK SHRSOH PDQ\ RI ZKRP KHOSHG PH WR
EHFRPH D EHWWHU VFLHQWLVW SUREDEO\ ZLWKRXW HYHU
NQRZLQJLW
3HUVRQDOO\OLYLQJLQWKH7KDPHV9DOOH\ZDVPDJLFDO
, KDG WR SLQFKP\VHOIZKLOH F\FOLQJ IURP0DUORZ WR
+XUOH\ DORQJ WKH 7KDPHV WRZ SDWK 7HQQLV RQ WKH
FRXUWV DW +XUOH\ WZLOLJKW FULFNHW RQ YLOODJH JUHHQV
IROORZHG E\ %UDNVSHDUV DW WKH 'HZ 'URS RU %ODFN
%R\ DQG WKH VWDII &KULVWPDV OXQFKHV DUH HQGXULQJ
PHPRULHV 0DQ\ IULHQGVKLSV PDGH DW +XUOH\ DOVR
HQGXUHGHVSLWHWKHH[SDQVHRIWLPHDQGJHRJUDSK\
7KHGHFLVLRQWRFORVH+XUOH\ZDVDQQRXQFHGDERXW
WKH WLPH , ¿QLVKHGP\3K' ,ZDVVKRFNHG WKDW DQ
LQVWLWXWLRQVRULFKLQWDOHQWIDFLOLWLHVDQGKLVWRU\FRXOG
EH VR HDVLO\ DEDQGRQHG%XW DOVR WKDQNIXO WR KDYH
EHHQDWLQ\SDUWRILW
'DYLG &KDSPDQ SRVWJUDGXDWH VWXGHQW +XUOH\
±QRZ3URIHVVRU8QLYHUVLW\RI0HOERXUQH

7KH HVWDEOLVKPHQW DW +XUOH\ E\ )UDQN $OGHU RI D
VHULHV RI VHOIFRQWDLQHG IDUPOHWV SURYLGHG DQ
LPSRUWDQW WRRO IRU DVVHVVLQJ WKH HIIHFWV RI
PDQDJHPHQW YDULDEOHV VXFK DV JUDVV VSHFLHV
RQ DQLPDO SHUIRUPDQFH 7KLV ZRUN DQG WKH H[WUD
PXUDOVWXGLHVRI.HQ%DNHUDQG'LFN%DNHUGLGPXFK
WR HQFRXUDJH WKH V\VWHPV DSSURDFK GHYHORSHG
IXUWKHU LQ VXEVHTXHQW \HDUV DQG WR GH¿QH PRUH
HI¿FLHQWJUDVVEDVHGV\VWHPVRISURGXFWLRQ
5HVHDUFKRQWKHUROHRIJUDVVODQGLQERWKSRXOWU\DQG
SLJSURGXFWLRQKDGEHHQFDUULHGRXWDWERWK'UD\WRQ
DQG+XUOH\EXWZRUNRQSLJVFHDVHGLQDQGRQ
SRXOWU\LQ
±WKH:RRGIRUG\HDUV
.HQ:RRGIRUGVXFFHHGHG:LOOLDP'DYLHVDV'LUHFWRU
RI *5, RQ VW 2FWREHU $W WKDW WLPH$5& VWLOO
DGPLQLVWHUHG WKHLU ,QVWLWXWHV DV HLWKHU µSODQW¶
RU µDQLPDO¶  DQG *5, FOHDUO\ GLG QRW ¿W WKDW
SDWWHUQ 7KXV .HQ:RRGIRUGZDV DSSRLQWHG
ZLWK D EULHI IURP$5& WR VKLIW WKH ,QVWLWXWH¶V
ZRUN WRDPRUHEDVLFDQG OHVVDSSOLHG OHYHO
DQG WR UHGXFHRU HOLPLQDWHDQLPDO UHVHDUFK
+HPDGHSURJUHVVZLWK WKH IRUPHUEXWDIWHU
DVKRUWSHULRGDW+XUOH\UHFRJQLVHGWKHJUHDW
LPSRUWDQFHRIJUDVVTXDOLW\DQGXWLOLVDWLRQE\
DQLPDOV DQG RI LQWHJUDWHG VWXGLHV +H WKXV
SURFHHGHG WR LQFUHDVH WKH DWWHQWLRQ JLYHQ
WR DQLPDO  UHVHDUFK GHVSLWH KLV EULHI IURP
$5& D SROLF\ YLJRURXVO\ VXSSRUWHG E\ WKH
*RYHUQLQJ%RG\
+XUOH\7KH*UDVVODQG&OXE
&RPSOH[ RUJDQLVDWLRQV VXFK DV WKH ,QVWLWXWH
HPSOR\HG D ZLGH UDQJH RI VWDII IURP PDQ\ ZDONV
RI OLIHDQG LWZDV WKH UROHRI WKH*UDVVODQG&OXE WR
DUUDQJHHYHQWVDOORZLQJWKHRSSRUWXQLW\WRPHHWDQG
VRFLDOLVH,QWKLVWKH&OXEZDVUHPDUNDEO\VXFFHVVIXO
DQGZHOOVXSSRUWHGE\DOOVWDII
7HQQLVURDGUXQQLQJEULGJHDQGSXWWLQJZHUHUHJXODU
OXQFKWLPH DFWLYLWLHV EXW WKH PDMRU HYHQWV ZHUH
RUJDQLVHGE\WKH*UDVVODQG&OXEDQGDPRQJWKHVH
WKH&KULVWPDV'DQFHZDVSUHHPLQHQW$OZD\VZHOO
DWWHQGHGDQGZLWKDEDQGDQGGLVFR WRFDWHU IRUDOO
WDVWHVWKLVKLJKOLJKWRIRXUVRFLDOFDOHQGDUZDVXVXDOO\
HQKDQFHG E\ VRPH KRPH JURZQ HQWHUWDLQPHQW
WKRXJK RQH \HDU D OHVVWKDQDSSURSULDWH ERXJKWLQ
µFRPHGLDQ¶FDPHYHU\FORVHWREHLQJWKURZQRXW
2WKHUPLG\HDUHYHQWV LQFOXGHGGHEDWHVULYHU WULSV
GDQFHVDQGGLVFRVDWOHDVWRQHRIZKLFKZDVKHOGDO
IUHVFR LQ +LJK:RRG ZKLFK RYHUORRNHG WKH+XUOH\
FRPSOH[ 7KH 6XPPHU )HVWLYDO SURYLGHG DQ
RSSRUWXQLW\IRUVWDIIDQGWKHLUIDPLOLHVWRSDUWLFLSDWHLQ
DQXPEHURIIULYRORXVDFWLYLWLHVVXLWDEOHIRUDOODJHV
)ROORZLQJFRPSOHWLRQRIWKHQHZ7UHKDQH%XLOGLQJD
IRUPHU OHFWXUH URRPZDV UHOHDVHG DV D VWDII URRP
7KH&OXE UDLVHG IXQGV IRU IXUQLVKLQJ WKLV URRPZLWK
YDULRXV HYHQWV DQG DQ DXFWLRQ IROORZLQJ JHQHURXV
GRQDWLRQV IURP VWDII RQH RI ZKLFK ZDV D 'DLPOHU
VKRRWLQJEUDNH,QGXHFRXUVHVRPHFRPIRUWDEOHDQG
UDWKHUEULJKWO\FRORXUHGVHDWLQJZDVSXUFKDVHGZKLFK
ZDVPXFKLQWXQHZLWKWKHRSWLPLVPRIWKHWLPH
1LJHO<RXQJ+XUOH\±1RUWK:\NH±
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5HWLUHPHQWSDUW\IRU:LOOLDP'DYLHV
 7KH5HVHDUFK%XLOGLQJDW+XUOH\LQ

7KHUHZHUHPDVVLYHFKDQJHVGXULQJWKLVSHULRGLQ
WHUPV RI VWDI¿QJ IDFLOLWLHV ¿QDQFH DQG UHVHDUFK
GLUHFWLRQ7RWDOVWDIIQXPEHUVLQFUHDVHGIURPDERXW
 LQ  WR  LQ ZKHQDSODWHDXZDV
UHDFKHG
$ 'LYLVLRQDO VWUXFWXUH ZDV VHW XS DQG LQ 
WKHUH ZHUH 'LYLVLRQV RI 6RLOV DQG 3ODQW 1XWULWLRQ
/OR\G-RQHV%RWDQ\7HG/HDIH$JURQRP\µ7(¶
:LOOLDPV $QLPDO 6FLHQFH )UDQN 5D\PRQG DQG
(FRORJ\ &ROLQ 6SHGGLQJ $ 3HUPDQHQW 3DVWXUH
*URXS ZDV VHW XS LQ  DQG KHDGHG E\ 7RP
)RUEHV :LWK )UDQN 5D\PRQG WDNLQJ XS WKH SRVW
DV'HSXW\&KLHI6FLHQWLVWDW0$))&ROLQ6SHGGLQJ
PRYLQJWRWKH&KDLURI$JULFXOWXUDO6\VWHPVDWWKH
8QLYHUVLW\ RI 5HDGLQJ DQG WKH UHWLUHPHQW RI µ7(¶
:LOOLDPV WKHUH ZDV SURJUHVVLYH FKDQJH LQ
RUJDQLVDWLRQDOVWUXFWXUHWRJLYHLQVRPHVHYHQ
'HSDUWPHQWVDQG WKUHH*URXSV7KH'HSDUWPHQWV
ZHUH 6RLOV DQG 3ODQW 1XWULWLRQ /OR\G -RQHV
$JURQRP\ 5RJHU :LONLQV %RWDQ\ 7HG /HDIH
)HHG (YDOXDWLRQ DQG 5XPLQDQW 1XWULWLRQ 'HQQLV
2VERXUQ$QLPDO+XVEDQGU\DQG3URGXFWLRQ'LFN
%DNHU 6\VWHPV 6\QWKHVLV 'LFN %URFNLQJWRQ
DQG%LRPHWULFV/HVOLH&KDSDV7KH*URXSVZHUH
WKH 3HUPDQHQW 3DVWXUH *URXS 7RP )RUEHV WKH
*UDVVODQG (QWRPRORJLFDO *URXS %RE &OHPHQWV
DQGWKH*UDVVODQG9HWHULQDU\*URXS7RQ\$XVWLQ
7KH ¿UVW SDUW RI WKLV SHULRG VDZEXGJHWV IRU$5&
LQFUHDVLQJ E\ DURXQG  SHU \HDU LQ UHDO WHUPV DQG *5, VKDUHG LQ WKLV LQFUHDVHG
VXSSRUW 7KHUH ZDV KRZHYHU GHYHORSLQJ LQFUHDVHG FRQFHUQV DERXW UHVHDUFK VWUDWHJ\
DW D QDWLRQDO OHYHO DQG LQ SDUWLFXODU WKH UHODWLRQVKLS EHWZHHQ WKH UHTXLUHPHQWV SHUFHLYHG
E\ 0$)) DQG WKH HPSKDVLV RQ PRUH EDVLF UHVHDUFK EHLQJ HQFRXUDJHG E\ $5&
7KH 5RWKVFKLOG 5HSRUW $ )UDPHZRUN IRU *RYHUQPHQW 5HVHDUFK DQG 'HYHORSPHQW
SXEOLVKHGLQHQXQFLDWHGWKHFXVWRPHUFRQWUDFWRUSULQFLSOHVSHFLI\LQJWKDWWKHRUJDQLVDWLRQ
HJ *RYHUQPHQW 'HSDUWPHQW UHTXLULQJ UHVHDUFK VKRXOG FRQWUDFW ZLWK D SURYLGHU HJ
,QVWLWXWH RU 8QLYHUVLW\ WR FDUU\ RXW WKH QHFHVVDU\ UHVHDUFK 7KLV SULQFLSOH ZDV DFFHSWHG E\
*RYHUQPHQW DQG RYHU KDOI RI WKH EXGJHW RI$5&ZDV WUDQVIHUUHG WR0$))ZLWK WKLV SURFHVV
FRPSOHWHGE\0$))WRDODUJHH[WHQWDFWHGDVDSUR[\IRUWKHDJULFXOWXUDOLQGXVWU\DQGWKH
7+('(9(/230(172)+85/(<$1'1257+:
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:KHQ WKH+XUOH\ VLWHZDV WDNHQ RYHU LQ  WKH
RQO\ EXLOGLQJ RQ VLWH ZDV D 7VKDSHG VLQJOHVWRUH\
EXLOGLQJHUHFWHGGXULQJWKH±ZDUDVDUDGDU
VWDWLRQ,QLWLDOO\WKLVEXLOGLQJZDVPDLQO\RFFXSLHGE\
/H\$JURQRP\VWDIIDQG,QVWLWXWHDGPLQLVWUDWRUV
6WDIIPRYHGWRDQHZEXLOGLQJLQ+RZHYHU LQ
WKH PLG V ZLWK VWDII QXPEHUV LQFUHDVLQJ WKH
5DGDU +XW ZDV RFFXSLHG E\ WKH (FRORJ\ 'LYLVLRQ
XQGHU&ROLQ6SHGGLQJ7KH5DGDU+XWZDVDERXWKDOI
DPLOHIURPWKHPDLQEXLOGLQJVLWXDWHGDWWKHWRSRI
DQ HVFDUSPHQW RYHUORRNLQJ WKH 7KDPHV YDOOH\ 2Q
HQWHULQJWKH5DGDU+XWWKHUHZDVDODUJHURRPZLWK
DELJ WDEOHZKHUHVWDII WRRN WKHLUFRIIHHEUHDNV2II
WKLVURRPZDVDVPDOOHUFRPPRQURRPZKHUHDNHHQ
JURXSRIFDUGSOD\HUVFRXOGEHIRXQGDWOXQFKWLPHV
6RPH6RXWK$PHULFDQ3K'VWXGHQWVZHUHSDUWLFXODUO\
JRRGFDUGVKDUSV6XQEDWKLQJZDVDSRSXODUSDVWLPH
LQVXPPHUDQGRQHSDUWLFXODULQGLYLGXDOZRXOGVOHHS
DOODIWHUQRRQLIQRWZRNHQ
$OWKRXJKSDUW RI WKH ,QVWLWXWH µ(FRORJ\¶ZDVDOPRVW
DQDXWRQRPRXVRXWSRVW$UHJXODU WUDQVSRUWVHUYLFH
H[LVWHG EHWZHHQ WKH 5DGDU +XW DQG PDLQ EXLOGLQJ
WUDQVSRUWLQJVWDII JRRGVDQGPDLO EHWZHHQ WKH WZR
VLWHV $ VWDWLVWLFLDQ YLVLWHG RQ )ULGD\ DIWHUQRRQV
PDLQO\IRUWHDDQGFDNH$FRXULHUVHUYLFHWRXVHWKH
$WRPLF(QHUJ\µV+DUZHOOFRPSXWHUZDVHVWDEOLVKHG
$ZRRGHQKXWH[WHQVLRQZDVDGGHGDQG , UHFROOHFW
WKHVH RI¿FHV EHLQJ XQEHDUDEO\ KRW LQ VXPPHU DQG
IUHH]LQJLQZLQWHU
7KHVH GD\V RI µVSOHQGLG LVRODWLRQ¶ HQGHG ZLWK WKH
FRPSOHWLRQ RI WKH 7UHKDQH H[WHQVLRQ WR WKH PDLQ
EXLOGLQJ DQG VWDII JRLQJ µGRZQ KLOO DJDLQ¶ LQ WKH
PLG V 7KH 5DGDU +XW ZDV WKHQ FRQYHUWHG WR
EHFRPHWKH:RUNV6HUYLFH&HQWUH
3HWHU3HQQLQJ+XUOH\±1RUWK:\NH
±

-RLQW&RQVXOWDWLYH2UJDQLVDWLRQZDVVHWXSWRDGYLVH0$))DQGRWKHUVRQUHVHDUFKSULRULWLHV
,QLWLDOO\WKHQDWXUHRIWKHZRUNLQWKH,QVWLWXWHFKDQJHGOLWWOHZLWK0$))µEX\LQJXS¶ODUJHFKXQNVRI
RQJRLQJSURJUDPPHVDQGIXQGLQJDURXQGRI*5,UHVHDUFK6FLHQWLVWVZHUHJHQHUDOO\KDSS\
WKDWWKHLUZRUNZDVGHHPHGWREHUHTXLUHGE\WKHFXVWRPHU0$))DQGKDGEHHQFRPPLVVLRQHG
+RZHYHU0$))IXQGLQJEHFDPHSURJUHVVLYHO\PRUHDOLJQHGWR0LQLVWU\SROLF\UDWKHUWKDQWKH
UHTXLUHPHQWVRI WKHDJULFXOWXUDO LQGXVWU\7KH ÀH[LELOLW\ SRVVLEOHZLWKLQ0$))IXQGHG UHVHDUFK
ZDVUHGXFHGDQGFRPSHWLWLRQIRU0$))IXQGVSURJUHVVLYHO\LQFUHDVHG

7KHUHZHUHPDMRUH[SDQVLRQVLQ*5,IDFLOLWLHVGXULQJWKLVSHULRG7KHUHZDVQHZKRXVLQJIRUFDWWOH
DQGVKHHSLQFOXGLQJDGHGLFDWHGODPEUHDULQJVKHGDQGIDFLOLWLHVIRUVXFNOHUFRZV7KH9LVLWLQJ
*URXSUHYLHZLQJWKH,QVWLWXWHIRUWKH5HVHDUFK&RXQFLOLQDSSURYHGSODQVWRVWDUWUHVHDUFK
XVLQJGDLU\FRZVDQGDQHZIDFLOLW\ZDVFRPPLVVLRQHGLQ$KLJKWHPSHUDWXUHJUDVVGULHU
ZDV LQVWDOOHG LQDQGDVHFRQGGULHUDQG
JUDVVSURFHVVLQJHTXLSPHQWLQ)DFLOLWLHV
IRUH[SHULPHQWDOVLORVZHUHVHWXS$QHZZLQJ
ZDVEXLOWRQWKHUHVHDUFKEXLOGLQJLQDQG
QHZ JODVVKRXVH DQG FRQWUROOHG HQYLURQPHQW
IDFLOLWLHVHVWDEOLVKHG LQ WKHVDPH\HDUZLWKDQ
DGGLWLRQDO JODVVKRXVH DQG KHDGHU KRXVH LQ
IRUSODQWQXWULWLRQDOVWXGLHV$QRSHUDWLQJ
WKHDWUH DQLPDO VXUJHU\ DQG YHWHULQDU\
ODERUDWRU\ ZHUH EXLOW LQ  7KH ODQG
IDFLOLWLHV ZHUH LQFUHDVHG E\ WKH OHDVH RI 
KDDW:DUUHQ)DUPQHDU:DQWDJH WRH[WHQG
UHVHDUFKZLWKVXFNOHUFRZV

7KH 6LOYHU -XELOHH LQ  RI WKH IRXQGDWLRQ
RI*5,DOVRVDZDPDMRUH[WHQVLRQLQIDFLOLWLHV
DW+XUOH\ZLWK WKH FRPSOHWLRQ RI WKH7UHKDQH
%XLOGLQJDQGWKH:LOOLDP'DYLHV+DOO7KH+DOO
PXFKHQKDQFHGFRQIHUHQFHIDFLOLWLHVZKLOVWWKH
7UHKDQH%XLOGLQJSURYLGHGPXFKQHHGHGRI¿FH
DFFRPPRGDWLRQ DQG IDFLOLWDWHG UHORFDWLRQ RI
WKH(FRORJ\'LYLVLRQIURPWKH5DGDU+XWWKHLU
EDVH IURP  WR WKH PDLQ FRPSOH[ 7KH
MXELOHH ZDV FHOHEUDWHG E\ WKH SURGXFWLRQ
RI D 6LOYHU -XELOHH 5HSRUW WKDW UHYLHZHG
DFKLHYHPHQWV RYHU WKH \HDU SHULRG WKH
RSHQLQJ RI WKH QHZ EXLOGLQJV E\ 6LU 5LFKDUG
7UHKDQH &KDLUPDQ RI *5, *RYHUQRUV D
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)RU PDQ\ \HDUV D µSHUN¶ RI ZRUNLQJ DW +XUOH\ ZDV
SRWDWRHV IRU VWDII DW D ORZ SULFH 7KHVH ZHUH JURZQ
RQVLWH IRU H[SHULPHQWDO SXUSRVHV 7KLV ZDV HDJHUO\
DZDLWHG DQG RFFXUUHG WZR RU WKUHH WLPHV GXULQJ
WKH ZLQWHU ZLWK D VWULFW UDWLRQ RI RQH EDJ SHU SHUVRQ
&KDPSLRQSORXJKPHQIURP+XUOH\

V\PSRVLXPRQµ%ULWLVK*UDVVODQG±WKHQH[W\HDUV¶DQG2SHQ'D\V
7KHPDLQ IHDWXUHVRI UHVHDUFKGXULQJ WKLVSHULRGZHUH WKHVKLIW LQPXFKRI WKHVRLOSODQWDQG
DQLPDO ZRUN WR D PRUH EDVLF DSSURDFK WR LQFUHDVH RXU XQGHUVWDQGLQJ RI WKH SURFHVVHV
GHWHUPLQLQJQXWULHQWXSWDNHDQGJURZWKE\JUDVVHVDQGOHJXPHVDQGWKHGHWHUPLQDQWVRIIRUDJH
TXDOLW\ LQWDNHDQGQXWULHQWXWLOLVDWLRQE\ UXPLQDQWV0DMRUHPSKDVLVZDVSXWRQ LPSURYLQJ WKH
HI¿FLHQF\RI IRUDJHFRQVHUYDWLRQZLWK ODUJHSURJUDPPHVRQJUDVVGHK\GUDWLRQDQGSURFHVVLQJ
DQGRQVLODJHZLWKHPSKDVLVRQHIIHFWVRQQXWULWLYHYDOXH$YLJRURXVSURJUDPPHRQJUD]LQJ
ZDVFDUULHGRXWEXWZLWK WKHHPSKDVLVRQ LPSURYLQJ WKHHI¿FLHQF\RIJUD]LQJGXULQJ WKHPDLQ
JURZLQJVHDVRQUDWKHUWKDQH[WHQGLQJWKHJUD]LQJVHDVRQ5HVHDUFKRQJUDVVTXDOLW\H[SDQGHG
WRLQFOXGHEDVLFVWXGLHVRQWKHVWUXFWXUHRISODQWFHOOZDOOVLQUHODWLRQWRWKHLUGLJHVWLRQE\UXPLQDQWV
'HVSLWH WKHVKLIW WRPRUHEDVLFUHVHDUFK WKHUHZDVPXFKHPSKDVLVRQWKHQHHGIRUDKROLVWLF
DSSURDFK DQG WR WKH HYROXWLRQ RI QHZ JUDVVODQG V\VWHPV ,W ZDV UHDOLVHG WKDW SURJUHVV LQ
FRPSXWHUVDQGWKHGHYHORSPHQWRIFRPSXWHUVLPXODWLRQODQJXDJHVSUHVHQWHGQHZRSSRUWXQLWLHV
IRUSURGXFLQJPDWKHPDWLFDOUHSUHVHQWDWLRQVRILPSRUWDQWELRORJLFDOSURFHVVHVDQGDWDFRDUVHU
OHYHORIV\VWHPVRISURGXFWLRQ8QGHU&ROLQ6SHGGLQJ¶VJXLGDQFHWKH,QVWLWXWHUDSLGO\EHFDPHD
OHDGHULQWKLVDUHD$VWUHQJWKRIWKH*5,DSSURDFKZDVWRH[SORUHSRWHQWLDOV\VWHPVWKHRUHWLFDOO\
DQGWKHQWRWHVWVRPHRIWKHSUHGLFWLRQVLQSURGXFWLRQV\VWHPVFDUULHGRXWDWDUHDVRQDEOHVFDOH
RIRSHUDWLRQ7KHDELOLW\WRWDFNOHV\VWHPVZDVHQKDQFHGE\WKHUHFUXLWPHQWRI%LOO5REHUWVWKH
¿UVWHFRQRPLVWWRMRLQWKHVWDIIRIDQDJULFXOWXUDOUHVHDUFKLQVWLWXWHLQWKHFRXQWU\
.HQ :RRGIRUG FRQWLQXHG WKH SDWWHUQ VHW E\ :LOOLDP 'DYLHV LQ HQFRXUDJLQJ FORVH FRQWDFW
ZLWK WKH 1DWLRQDO $JULFXOWXUDO $GYLVRU\ 6HUYLFH 1$$6 ODWHU VXFFHHGHG E\ WKH $JULFXOWXUDO
'HYHORSPHQWDQG$GYLVRU\6HUYLFH$'$6DQGZLWKWKHIDUPLQJLQGXVWU\,QWHUDFWLRQZLWK1$$6
ZDV LQFUHDVHGE\ WKH ORFDWLRQ LQ RI DPHPEHU RI1$$6VWDII DW+XUOH\ DV D*UDVVODQG
/LDLVRQ2I¿FHUWKLVDSSRLQWPHQWZDVFRQWLQXHGXQWLO
$QRWKHU LPSRUWDQW LQLWLDWLYHZDVWKHIRXQGLQJRI WKH3HUPDQHQW3DVWXUH*URXS.HQ:RRGIRUG
UHDOLVHGWKDWGHVSLWHPRVWRIWKHFRXQWU\¶VJUDVVODQGEHLQJSHUPDQHQWDQGUDUHO\LIHYHUEHLQJ
UHVRZQSUDFWLFDOO\DOO UHVHDUFKDW OHDVW LQ WKH ORZODQGVZDVFRQGXFWHGZLWKVRZQJUDVVODQG
+HVRXJKWDQGREWDLQHGFROODERUDWLRQIURP$'$6DQGHVWDEOLVKHGWKH-RLQW3HUPDQHQW3DVWXUH
*URXS7KHPDLQZRUNRIWKH*URXSZDVWREHWKHFRQGXFWRID1DWLRQDO)DUP6WXG\WRTXDQWLI\
OHYHOV RI XWLOLVHG SURGXFWLRQ RQ IDUPV ZLWK D KLJK SURSRUWLRQ RI SHUPDQHQW JUDVVODQG DQG WR
LGHQWLI\UHDVRQVIRUYDULDWLRQLQSURGXFWLRQEHWZHHQIDUPV7KLVVWXG\ZRXOGKHOSRULHQWDWHDQ\
VXEVHTXHQWUHVHDUFKRQSHUPDQHQWJUDVVODQG
±WKH/D]HQE\\HDUV
)ROORZLQJWKHUHWLUHPHQWRI.HQ:RRGIRUGLQ0DUFKDQGDQLQWHUUHJQXPGXULQJZKLFK7HG
/HDIHZDV$FWLQJ'LUHFWRU$OHF/D]HQE\WRRNXSKLVDSSRLQWPHQWDV'LUHFWRULQ$XJXVW7KLV
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SHULRGZDVFKDUDFWHULVHGE\LQFUHDVHGHPSKDVLVRQSHUPDQHQWJUDVVODQGZKLFKUHVXOWHGLQWKH
DFTXLVLWLRQRI1RUWK:\NHIRUWKH,QVWLWXWHLQLQFUHDVHGFROODERUDWLRQZLWKWKH8QLYHUVLW\RI
5HDGLQJLQFOXGLQJWKHODXQFKLQRIDQ06FFRXUVHLQ*UDVVODQG6FLHQFHUXQMRLQWO\E\WKH
,QVWLWXWHDQGWKH8QLYHUVLW\DQGLQFUHDVHGUHVHDUFKRQOHJXPHV5HVHDUFKRQGHQLWUL¿FDWLRQDQG
RWKHUQLWURJHQORVVHVIURPJUDVVODQGZDVVWDUWHGLQE\-RKQ5\GHQ7KLVZDVWKHEHJLQQLQJ
RIZKDWEHFDPHDPDMRUWKUXVWRIUHVHDUFKLQWKH,QVWLWXWHRQWKHHQYLURQPHQWDOLPSOLFDWLRQVRI
JUDVVODQGIDUPLQJ/LQNVZLWK$'$6DQGWKHIDUPLQJLQGXVWU\FRQWLQXHGWRUHFHLYHHPSKDVLVDQG
WKH*5,$VVRFLDWH0HPEHUVVFKHPHWDUJHWHGWRZDUGVOHDGLQJIDUPHUVZDVODXQFKHGLQ
2YHUDOOVWDIIQXPEHUVZHUHUHPDUNDEO\FRQVWDQWRYHUWKLV¿YH\HDUSHULRGEHLQJLQDQG
LQDOWKRXJKQXPEHUVDW+XUOH\IHOOZLWKVWDIIEHLQJEDVHGDW1RUWK:\NHLQ
7KHUHZDVVRPHFRQVROLGDWLRQLQWKHRUJDQLVDWLRQDOVWUXFWXUHLQWKH,QVWLWXWHZLWKHVWDEOLVKPHQW
RIWKH$QLPDO1XWULWLRQDQG3URGXFWLRQ'LYLVLRQOHGE\'HQQLV2VERXUQWKH3HUPDQHQW*UDVVODQG
'LYLVLRQ 5RJHU :LONLQV DQG WKH %LRPDWKHPDWLFV 'LYLVLRQ -RKQ 7KRUQOH\ 7KH %RWDQ\
'HSDUWPHQWZDV UHQDPHGDV3ODQWDQG&URS3K\VLRORJ\ 7HG/HDIHDQG WKH6RLOVDQG3ODQW
1XWULWLRQ'HSDUWPHQWUHPDLQHGXQGHUWKHOHDGHUVKLSRI/OR\G-RQHV7KH$JURQRP\*URXSZDV
OHGE\-RH*UHHQ
)XQGLQJ IURP$5&ZDV UHODWLYHO\ VWDEOH GXULQJ WKH HDUO\ SDUW RI WKLV SHULRG DOWKRXJK LW ZDV
UHGXFHGLQ7KH,QVWLWXWHZDVKRZHYHUZHOOVXSSRUWHGE\0$))7KHUHZDVVWLOOÀH[LELOLW\
ZLWKLQ WKH0$)) FRPPLVVLRQV DQGZRUOGFODVV UHVHDUFK SURJUDPPHV FRXOG EH GHYHORSHG RQ
0$))IXQGLQJ7KH,QVWLWXWHZDVDOVRVXFFHVVIXOLQDWWUDFWLQJIXQGVIURPWKH(XURSHDQ8QLRQIRU
PXOWLQDWLRQDOSURJUDPPHV
7KH 1DWLRQDO )DUP 6WXG\ KLJKOLJKWHG ODUJH YDULDWLRQ EHWZHHQ IDUPV LQ XWLOLVHG RXWSXW IURP
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6WDIIDW+XUOH\

JUDVVODQGDQGVXEVWDQWLDOGLI¿FXOWLHV LQDFKLHYLQJHI¿FLHQWDQLPDORXWSXW IURPJUDVVODQG LQZHW
FRQGLWLRQV7KHSUHGRPLQDQFHRISHUPDQHQWJUDVVODQGLQWKHFRXQWU\DQGWKHUHGXFWLRQLQDUHD
RIJUDVVODQGLQWKHUHODWLYHO\GU\FRQGLWLRQVW\SLFDORI+XUOH\ZHUHUHDOLVHGWROLPLWWKHUHOHYDQFH
DQGDSSOLFDELOLW\RIVRPHRI WKHDSSOLHG UHVHDUFKFDUULHGRXWDW+XUOH\$PDMRU IHDWXUHRI WKH
,QVWLWXWH VXEPLVVLRQ WR WKH 9LVLWLQJ *URXS LQ  ZDV WKH FDVH IRU D VXEVWDWLRQ
LQ DQ DUHD RI KLJKHU UDLQIDOO ZLWK SUHGRPLQDQFH RI SHUPDQHQW JUDVVODQG
7KLV FDVH ZDV DFFHSWHG E\ WKH 9LVLWLQJ *URXS DQG VXSSRUWHG E\ 0$))
$IWHUDVHDUFKIRUDVXLWDEOH ORFDWLRQ LQHLWKHU1:
RU6:(QJODQG D WRWDO RI  KD DW1RUWK:\NH
DQG 5RZGHQ 0RRU SDUW RI WKH DGMDFHQW 5RZGHQ
0DQRU )DUP (VWDWH ZDV SXUFKDVHG E\ WKH
&URZQ (VWDWH &RPPLVVLRQHUV DQG OHDVHG WR
*5, IRU D \HDU SHULRG IURP 6HSWHPEHU 
7KLV DUUDQJHPHQW ZDV IDFLOLWDWHG E\ 2VFDU
&ROEXUQZKRZDVERWK&KDLUPDQRI*5,*RYHUQRUV
DQG D &URZQ (VWDWH &RPPLVVLRQHU 7KH QHZ
6WDWLRQZDVRI¿FLDOO\RSHQHGLQ2FWREHUDQGD
FRPPHPRUDWLYH SODTXH ZDV XQYHLOHG E\ /RUG
6HOERUQHWKHWKHQ9LFH&KDLUPDQRI$5&
7KH ODQGZDV LGHDOO\VXLWHG WR WKHUHTXLUHPHQWVRI WKH ,QVWLWXWH$QDGGHGERQXVZDV WKH IDFW
WKDW1RUWK:\NHKDGEHHQDQH[SHULPHQWDOIDUPRI)LVRQV)HUWLOLVHUVIURPWR0XFK
H[FHOOHQWJUDVVODQGUHVHDUFKKDGEHHQFDUULHGRXWE\3DWULFN6KDZ-RKQ%URFNPDQ0HJ:ROWRQ
,DQ5LFKDUGVDQGWKHLUFROOHDJXHV7KLVZDVDIDUPZLWKJRRGUHFRUGVDQGDµORFNVWRFNDQGEDUUHOO¶
WDNHRYHUE\*5,SXUFKDVHGDOOWKHDQLPDOVWKHOLEUDU\DQGVRPHODERUDWRU\HTXLSPHQW,QFRQWUDVW
WR WKH1RUWK:\NH ODQG WKHJUDVVODQGRQ5RZGHQ0RRUKDGDEDFNJURXQGRIYHU\H[WHQVLYH
PDQDJHPHQW DQG LQ DJULFXOWXUDO WHUPV SRRU ERWDQLFDO FRPSRVLWLRQ 6RPH RI WKH IDUP VWDII
SUHYLRXVO\HPSOR\HGE\)LVRQVMRLQHG*5,DQGWKLVJDYHJRRGFRQWLQXLW\7KHLQLWLDOVWDIIEXLOGXS
DW1RUWK:\NHZDVFRPSOHWHE\ZLWKVWDIIWUDQVIHUUHGIURP+XUOH\QHZDSSRLQWPHQWV
RIVFLHQWLVWVXVLQJYDFDQWSRVLWLRQVUHGHSOR\HGIURP+XUOH\¿YHVWDIIWUDQVIHUUHGIURP)LVRQVDQG
DIXUWKHUHLJKWQHZDGPLQLVWUDWLYHDQGIDUPVWDIIDSSRLQWPHQWV1RUWK:\NHZDVGHSHQGHQWRQ
+XUOH\IRUDOPRVWDOOODERUDWRU\VXSSRUWDQGWKHUH
ZDV FORVH FROODERUDWLRQ EHWZHHQ WKH WZR VLWHV
SDUWLFXODUO\ LQ UHVHDUFK RQ VRLOV DQG JUDVVODQG
SHVWVDQGGLVHDVHV0XFKRIWKHHDUO\UHVHDUFK
IURP 1RUWK :\NH ZDV FDUULHG RXW LQ
FROODERUDWLRQZLWK$'$6
7KHUHZDVPXFKZRUN WREHGRQH LQ LPSURYLQJ
WKH LQIUDVWUXFWXUH SDUWLFXODUO\ RI5RZGHQ0RRU
DQG DQ XUJHQW QHHG WR LPSURYH WKH IDFLOLWLHV
7+('(9(/230(172)+85/(<$1'1257+:
<.( 6WDIIDW1RUWK:\NH
7KH0DQRU+RXVH1RUWK:\NH

IRUGDLU\FRZUHVHDUFKEXWDQHZGDLU\EXLOGLQJZDV
QRW FRQVWUXFWHG XQWLO $ NH\ HDUO\ GHYHORSPHQW
ZDV WKH HVWDEOLVKPHQW LQ  RI WKH 5RZGHQ
'UDLQDJH )DFLOLW\ E\ 7HG *DUZRRG LQ FRQMXQFWLRQ
ZLWK $'$6 7KLV XQLTXH IDFLOLW\ SURYLGHG 
K\GURORJLFDOO\ LVRODWHG SORWV RI  KD HDFK ZLWK
VL[ EHLQJ GUDLQHG DQG VL[ XQGUDLQHG 7ZR IXUWKHU
SORWV ZHUH ODWHU LQFRUSRUDWHG LQWR WKH IDFLOLW\
:KLOVW WKH HDUO\ HPSKDVLV ZDV RQ WKH HIIHFW RI
GUDLQDJH RQ JUDVV DQG DQLPDO RXWSXW DQG ZDWHU
EDODQFH WKLV IDFLOLW\ UDSLGO\ EHFDPH XVHG
SULQFLSDOO\IRUVWXGLHVRQQXWULHQWPRYHPHQWVDQGZDWHU
TXDOLW\ WKDW GLG PXFK WR HVWDEOLVK WKH XQLTXHQHVV
DQGLQWHUQDWLRQDOUHSXWDWLRQRI1RUWK:\NH
7KHPDMRU IDFLOLW\ GHYHORSPHQWV DW +XUOH\ UHODWHG WR
PRUH EDVLF VWXGLHV RQ DQLPDO QXWULWLRQ ZLWK FDWWOH
FDORULPHWHUV EHLQJ FRPPLVVLRQHG LQ  IROORZHG
ODWHUE\QHZGDLU\FRZDQGEHHIFDWWOHGLJHVWLRQDQG
PHWDEROLVP IDFLOLWLHV :LWK WKH LQFUHDVH LQ ODQG
DYDLODELOLW\WKURXJKDFTXLVLWLRQRI1RUWK:\NHWKHOHDVH
RQ:DUUHQ)DUPZDVWHUPLQDWHGLQ
±*5,WR,*$3WKH3UHVFRWW<HDUV
)ROORZLQJWKHUHWXUQWR$XVWUDOLDRI$OHF/D]HQE\
LQ  'HQQLV 2VERXUQ ZDV$FWLQJ 'LUHFWRU
RI*5,XQWLO-RKQ3UHVFRWW WRRNXS WKHSRVWRI
'LUHFWRULQ-DQXDU\7KLVZDVDSDUWLFXODUO\
GLI¿FXOW DQG WXUEXOHQW SHULRG IRU WKH ,QVWLWXWH
DQGIRU WKHZKROHRI WKH$JULFXOWXUDO5HVHDUFK
6HUYLFH ZLWK UDWLRQDOLVDWLRQ DQG UHVWUXFWXULQJ
WRDGMXVWWKH6HUYLFHWRQHZUHTXLUHPHQWVDQG
JHQHUDOO\ UHGXFHG OHYHOV RI IXQGLQJ 7KH ¿UVW
FKDQJHZDVWKHDPDOJDPDWLRQRI*5,ZLWKWKH
$QLPDO 'LYLVLRQ RI WKH 1DWLRQDO ,QVWLWXWH IRU
5HVHDUFK LQ'DLU\LQJ 1,5'6KLQ¿HOG WR IRUP WKH$QLPDO DQG*UDVVODQG5HVHDUFK ,QVWLWXWH
$*5,LQ$SULO$OWKRXJKVRPHIDFLOLWLHVZHUHUHWDLQHGDW6KLQ¿HOGWKHUHZDVUHORFDWLRQWR
+XUOH\RIVWDIIFRQFHUQHGZLWKUXPLQDQWQXWULWLRQDQGODFWDWLRQLQDQGZLWKHQGRFULQRORJ\
DQGDQLPDOSK\VLRORJ\LQ$*5,ZDVVXFFHHGHGLQ-XQHE\WKH,QVWLWXWHIRU*UDVVODQG
DQG $QLPDO 3URGXFWLRQ ,*$3 ,*$3 EHFDPH RQH RI HLJKW JHQHUDOO\ FRPPRGLW\EDVHG
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1RUWK:\NH(DUO\'D\V
)URP D VWDWH RI WKH DUW UHVHDUFK IDFLOLW\ DW +XUOH\
ZLWKVRPH\HDUVRILQYHVWPHQWDQGGHYHORSPHQW
EHKLQG LW WRD\HDUROGSDUWO\UHVLGHQWLDOPDQRU
KRXVH ZLWK OLWWOH PRUH WKDQ D FRZVKHG ZDV D
FXOWXUHVKRFNWRVD\WKHOHDVW6WDIIZHUHUHPDUNDEO\
SUDJPDWLF DERXW WKH ODFN RI IDFLOLWLHV DQG UDSLGO\
DGDSWHGDQG LPSURYLVHG WRJHW UHVHDUFKXQGHUZD\
ZLWK WKH ¿UVW H[SHULPHQWV VWDUWLQJZLWKLQ DZHHN RI
WDNLQJRYHU WKHSURSHUW\+DYLQJPRYHG LQ2FWREHU
RQHRI WKH¿UVW LWHPV WREH UHSODFHGZDV WKH
DQWLTXDWHGDQGXQUHOLDEOHFRDO¿UHGKHDWLQJV\VWHP
5DGLDWRUVDFWXDOO\IUR]HLQWKDW¿UVWZLQWHU
:KDWWKHVLWHODFNHGLQDPHQLWLHVKRZHYHULWPDGH
XS IRU LQ FKDUDFWHU DQG HYHU\RQHZDV FKDUPHG E\
WKHDPELHQFHRIWKH0DQRU+RXVHDQGWROHUDQWRIWKH
QHYHUVHHQEXWRIWHQKHDUGUHVLGHQWJKRVW/LIHZDV
DERXW FRQVWDQW FKDQJH DV RI¿FHV ZHUH RFFXSLHG
YDFDWHGIRUUHIXUELVKPHQWDQGPRGL¿HGWRVXLWRWKHU
XVHV
2Q WKH IDUP PRVW HTXLSPHQW KDG WR EH UHSODFHG
EXLOGLQJV EURXJKW XSWRGDWH DQG D QHZ HQWUDQFH
GULYHFRQFUHWHGIRUWKH¿UVWWLPH,QPDQ\LQVWDQFHV
WKHIDUPVWDIIPDGHWKHVHPDMRUFKDQJHV7KLVZDV
ZKLOHXQGHUWDNLQJPLOHVRIIHQFLQJLQWKH¿UVW\HDU
FUHDWLQJ URDGV DQG LQVWDOOLQJ ¿HOG GUDLQDJH ZKLOH
DFFRPPRGDWLQJ WKH HYHU\GD\ UHTXLUHPHQWV RI
UXQQLQJ WKH IDUP/LIHZDVQ¶WZLWKRXW LWV FKDOOHQJHV
EXWLWZDVVDWLVI\LQJWRJHWWKHEHQH¿WVRIWKHFKDQJHV
WKDWZHUHPDGH
1LJHO<RXQJ+XUOH\±1RUWK:\NH±
7RXURIH[SHULPHQWV1RUWK:\NH

,QVWLWXWHV LQ WKH $JULFXOWXUDO DQG )RRG 5HVHDUFK
6HUYLFH$ WRWDO RI  VHSDUDWH ,QVWLWXWHV LQ 
KDG EHHQ FRQVROLGDWHG LQWR HLJKW ODUJH ,QVWLWXWHV
E\  7KH UDWLRQDOH IRU FRQVROLGDWLQJ UHODWHG
ZRUN ZLWKLQ RQH ,QVWLWXWH ZDV VRXQG EXW WKH
JHRJUDSKLFDO GLVSHUVLRQ RI ,*$3 SUHVHQWHG
VXEVWDQWLDO PDQDJHPHQW SUREOHPV ZKLFK
ZHUH DFFHQWXDWHG E\ GHFOLQHV LQ IXQGLQJ DQG
UHTXLUHPHQWV WR UHGXFH VWDI¿QJ OHYHOV ,*$3ZDV
EDVHG DW +XUOH\ EXW LQFRUSRUDWHG WKH :3%6 DW
$EHU\VWZ\WK WKH UHVHDUFK RQ SRXOWU\ QXWULWLRQ
DQG HQYLURQPHQW DW 5RVOLQ QHDU (GLQEXUJK
SUHYLRXVO\SDUWRIWKH3RXOWU\5HVHDUFK&HQWUHDV
ZHOO DV WKH IRUPHU$*5, IDFLOLWLHV DW 1RUWK :\NH
DQG 6KLQ¿HOG 7KH WRWDO QXPEHU RI VWDII DW WKH
IRUPDWLRQRI,*$3ZDV
7KH$QQXDO 5HSRUWV IRU  DQG  UHIHU
WR WKH IUHH]LQJRID ODUJHQXPEHURI YDFDQWSRVWV
 LQ  DQG VWDII GHSDUWXUHV WKURXJK
YROXQWDU\UHGXQGDQF\7KHUHZHUHVXEVWDQWLDOFXWV
LQ WKH EORFN JUDQW IURP WKH$JULFXOWXUH DQG )RRG
5HVHDUFK&RXQFLO$)5&DQGLQIXQGLQJIURP0$))
7KHUHZDVPXFK HIIRUW DQG FRQVLGHUDEOH VXFFHVV
LQ JHQHUDWLQJ IXQGLQJ IURP FRQWUDFW UHVHDUFK IRU
LQGXVWU\ ,Q  IRU ,*$3 DV D ZKROH  RI
IXQGLQJFDPHIURP0$))IURP$)5&DQG
IURPFRQWUDFWVLQFOXGLQJ2SHQ&RQWUDFWVIURP0$))7KHSURSRUWLRQRILQFRPHIURPFRQWUDFWVIRU
UHVHDUFKDW+XUOH\DQG1RUWK:\NHZDVWKRXJKFRQVLGHUDEO\ORZHUWKDQIRUWKHDQLPDOQXWULWLRQDQG
SURGXFWLRQZRUNEDVHGDW6KLQ¿HOGDQG5RVOLQ7KHUHZDVGXULQJWKLVSHULRGQRWRQO\ORVVHVWKURXJK
VWDII WDNLQJ YROXQWDU\ UHGXQGDQF\ EXW DOVR
IURPWKURXJKFRPSXOVRU\UHGXQGDQF\
6WDII QXPEHUV DW +XUOH\ IHOO IURP  LQ
 WR LQGHVSLWH WKHUHORFDWLRQ
WRWKHVLWHRIDSSURDFKLQJVWDIISUHYLRXVO\
EDVHGDW6KLQ¿HOG$W1RUWK:\NHQXPEHUV
IHOO IURP  LQ  WR  LQ 'HQQLV
2VERXUQ UHWLUHG LQ  DQG 7HG /HDIH LQ
ERWKKDGEHHQ$FWLQJ'LUHFWRUVRI*5,
$'LYLVLRQDOVWUXFWXUHZDVUHLQWURGXFHGZLWK
WKH*UDVVODQGDQG5XPLQDQW'LYLVLRQEDVHG
7+('(9(/230(172)+85/(<$1'1257+:
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7KH5RQ7HUU\7RXUQDPHQW±
+XUOH\ ZDV DOZD\V EOHVVHG ZLWK JRRG IDFLOLWLHV IRU
WHQQLV ZLWK WZR KDUG FRXUWV DQG WZR JUDVV FRXUWV
)RUPDQ\\HDUV WKHPRVW IUHTXHQWSOD\HU DQGRQH
RIWKHEHVWZDV5RQ7HUU\7RPDUNKLVIRUWKFRPLQJ
UHWLUHPHQWLQVWDIISUHVHQWHGDFXSIRUµ7KH5RQ
7HUU\2QH'D\2SHQ0L[HG'RXEOHV&KDPSLRQVKLS¶
7KHWRXUQDPHQWZDVWUDGLWLRQDOO\SOD\HGRQWKH ODVW
6DWXUGD\ LQ-XO\DQG UHPDUNDEO\FRPSOHWHGRQ WKH
GD\HYHU\\HDUXVXDOO\ LQ¿QHZHDWKHU$IWHUDIHZ
\HDUV D FRPSHWLWLRQ IRUPDW HYROYHG ZKLFK EHFDPH
WKH VSLULW RI WKH µ5RQ7HUU\¶7KH  SDLUV SOD\HG D
µURXQGURELQ¶IRUVHHGLQJDQGWKHQDOOSDLUVSOD\HGD
TXDUWHUVHPLDQG¿QDOPDWFKZLWKSUL]HVIRUWKHµ&XS
)LQDO¶DQGWKHRWKHUVHYHQ¿QDOV
$FRQVHTXHQFHRINHHSLQJDOOSOD\HUVLQYROYHGDOOGD\
PHDQWWKDWPRUHIDPLO\DQGIULHQGVVWDUWHGWRFRPH
IRUWKHGD\DQGEULQJDSLFQLFDQGHQMR\WKHVXQVKLQH
7KH WRXUQDPHQW ZDV ZHOO HVWDEOLVKHG ZKHQ WKH
+XUOH\ VLWH FORVHG VR PDQ\ RI WKH SOD\HUV ZKR
UHORFDWHGWR1RUWK:\NHDQG$EHU\VWZ\WKFRQWLQXHG
WR WUDYHO EDFN IRU WKH WRXUQDPHQW ZKLFK ZDV QRZ
EHLQJSOD\HGRQWKHVXSHUEJUDVVFRXUWVDW5HDGLQJ
8QLYHUVLW\7KHWKDQG¿QDOWRXUQDPHQWWRRNSODFH
RQ WKH ODVW 6DWXUGD\ LQ -XO\  DW :HOOLQJWRQ
&ROOHJHZKHUH5RQLQDGGLWLRQWRSOD\LQJSUHVHQWHG
WKHFXSDQGSUL]HVDVKHKDGGRQHPRVW\HDUV
0RUH WKDQ  SOD\HUV IURP*5, VWXGHQWV YLVLWLQJ
UHVHDUFKZRUNHUV IDPLO\ IULHQGVDQGIURP7KDPHV
9DOOH\FOXEVWRRNSDUWLQWKHWRXUQDPHQWVZLWKSOD\HUV
ZLWK *5, FRQQHFWLRQV ZLQQLQJ WKH WURSK\ RQ 
RFFDVLRQV
-RKQ3DUDGLQH+XUOH\±
5RQ7HUU\SUHVHQWLQJSUL]HVDWWKHWHQQLVWRXUQDPHQW
5HDGLQJ8QLYHUVLW\

DW+XUOH\5RJHU:LONLQV3LJDQG3RXOWU\'LYLVLRQEDVHGDW5RVOLQDQG6KLQ¿HOG&ROLQ)LVKHUDQG
3ODQW6FLHQFH'LYLVLRQEDVHGDW$EHU\VWZ\WK-RKQ6WRGGDUW7KH'HSDUWPHQWVZLWKLQ*UDVVODQG
DQG5XPLQDQW'LYLVLRQZHUH3ODQW1XWULWLRQDQG*URZWK*HRUJH5\OH*UDVVODQG3URGXFWLRQDQG
8WLOLVDWLRQ 5RJHU:LONLQV5XPLQDQW1XWULWLRQDQG0HWDEROLVP 'DYLG%HHYHU(QGRFULQRORJ\
DQG$QLPDO3K\VLRORJ\ ,VDEHO )RUV\WK DQG&DWWOH DQG6KHHS3URGXFWLRQ 'LFN%DNHU -RKQ
3UHVFRWWGLGPXFK WRHQFRXUDJHFORVH OLQNDJHEHWZHHQDSSOLHGDQGPRUHEDVLF UHVHDUFKDQG
WRPDLQWDLQDPXOWLGLVFLSOLQDU\DSSURDFK WRJUDVVODQGDQGDQLPDO UHVHDUFK+HDQGKLVVHQLRU
FROOHDJXHVZHUHYHU\DFWLYHLQVHHNLQJV\QHUJLHVEHWZHHQWKHGLIIHUHQW6WDWLRQVLQWKH,QVWLWXWH
3UREDEO\ RQH RI WKH JUHDWHVW DFKLHYHPHQWV GXULQJ WKLV SHULRG ZDV WKH GHYHORSPHQW RI DQ
H[WUHPHO\VWURQJSURJUDPPHLQUXPLQDQWQXWULWLRQEULQJLQJ WRJHWKHUVWUHQJWKV IURPWKH IRUPHU
*5,DQG1,5'LQDQLQWHJUDWHGSURJUDPPHOHGE\'DYLG%HHYHU
$QRWKHU IHDWXUHRI WKLVSHULRGZDV WKH LQFUHDVHGHPSKDVLVRQ WKHHQYLURQPHQWDO LPSOLFDWLRQV
RI JUDVVODQG IDUPLQJ IROORZLQJ WKH VWDUWPDGH E\ -RKQ5\GHQ DW +XUOH\ 5HVHDUFK DW +XUOH\
DQG1RUWK:\NHKLJKOLJKWHG WKH ODUJH OHDNDJHRIQLWURJHQRXVFRPSRXQGV WRZDWHUDQG WR WKH
DWPRVSKHUH DQG WKH ODUJH HIIHFWV RI PDQDJHPHQW
DQGVRLOFRQGLWLRQVRQWKHPDJQLWXGHRIORVV
7KHUHZDVFRQVLGHUDEOH FKDQJHDQG UHIXUELVKPHQW
WRODERUDWRULHVDW+XUOH\GXULQJWKLVSHULRGSULQFLSDOO\
WRDFFRPPRGDWHUHVHDUFKRQQXWULWLRQPLFURELRORJ\
DQGDQLPDOSK\VLRORJ\EDVHGSUHYLRXVO\DW6KLQ¿HOG
$VPDOOH[WHQVLRQZDVEXLOWWRWKH6DQGHUV%XLOGLQJ
IRURI¿FHVIRUWKH'LUHFWRUDQG6HFUHWDU\
$W 1RUWK :\NH WKHUH ZDV FRQVROLGDWLRQ RI WKH
SURJUDPPHVVWDUWHGLQ±7KHPDLQHPSKDVLV
FRQWLQXHGWREHRQHI¿FLHQF\RIJUDVVODQGSURGXFWLRQ
DQGXWLOLVDWLRQLQFRQGLWLRQVRIKLJKUDLQIDOODQGKHDY\
VRLOVEXWLQFUHDVHGDWWHQWLRQZDVSDLGWRQXWULHQWXVHHI¿FLHQF\DQGQLWUDWHORVVWRZDWHUZLWKWKH
5RZGHQIDFLOLW\EHLQJRIFUXFLDOLPSRUWDQFH7KHUHZDVSURJUHVVLYHLPSURYHPHQWLQLQIUDVWUXFWXUH
EXWQRPDMRUIDFLOLW\GHYHORSPHQWV
-RKQ3UHVFRWWOHIW,*$3LQWREHFRPH3ULQFLSDORI:\H&ROOHJH8QLYHUVLW\RI/RQGRQ
±,*$3WR,*(5WKH6WRGGDUW<HDUV
-RKQ 6WRGGDUW GLUHFWO\ VXFFHHGHG -RKQ 3UHVFRWW DV 'LUHFWRU RI ,*$3 DQG OHG WKH IXUWKHU
UHVWUXFWXULQJ RI WKH ,QVWLWXWH 7KH SURJUHVVLYH LPSOHPHQWDWLRQ RI WKH *RYHUQPHQW SROLF\ WR
ZLWKGUDZIXQGLQJIRUQHDUPDUNHWUHVHDUFKDQQRXQFHGLQOHGWRDSURVSHFWLYHORVVRIRI
0$))LQFRPHRYHUDWKUHH\HDUSHULRG7KLVFRXSOHGZLWKUHGXFWLRQLQ$)5&IXQGLQJIRUFURSDQG
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6WDIIUHOD[LQJLQWKHJDUGHQDW1RUWK:\NH

DQLPDOUHVHDUFKOHGWRVHYHUH¿QDQFLDOSUHVVXUHV
$)5& UHTXHVWHG D SODQ WKDW ZRXOG LQYROYH
UHGXFWLRQ LQ WKH QXPEHU RI VLWHV LQ WKH ,QVWLWXWH
DQG D VWUXFWXUH WKDW ZRXOG IDFLOLWDWH LQFUHDVHG
HPSKDVLV RQ WKH HQYLURQPHQWDO LPSOLFDWLRQV RI
JUDVVODQGIDUPLQJ
7KLV ZDV D QHFHVVDU\ EXW H[WUHPHO\ SDLQIXO
SURFHVV7KHUHVXOWZDVDGHFLVLRQDQQRXQFHG LQ
'HFHPEHUWRIRUPWKH,QVWLWXWHRI*UDVVODQG
DQG (QYLURQPHQWDO 5HVHDUFK ,*(5 IURP $SULO
 5HVHDUFK DW 5RVOLQ IRUPHUO\ LQ ,*$3 ZDV
WR EH FRQWLQXHG ZLWKLQ WKH ,QVWLWXWH RI $QLPDO
3K\VLRORJ\ DQG *HQHWLFV 5HVHDUFK DQG UHVHDUFK
RQ HQGRFULQRORJ\ DQG DQLPDO SK\VLRORJ\ ZDV
WR EH H[FOXGHG IURP WKH UHPLW RI ,*(5 6RPH
RI WKH VWDII LQ WKLV DUHD ZHUH WUDQVIHUUHG WR
%DEUDKDPDQGRWKHUSRVLWLRQVZHUHORVW7KHHDUOLHU
GHFLVLRQ WRFORVHSLJ UHVHDUFK LQ WKH ,QVWLWXWHZDV
FRQ¿UPHG DQG WKH 3LJ 'HSDUWPHQW DW 6KLQ¿HOG
FORVHG LQ  ,*(5 ZDV WR EH EDVHG DW
$EHU\VWZ\WKDQGPDLQWDLQ VLWHVDW%URQ\GG0DZU
QHDU %UHFRQ DQG 1RUWK :\NH 7KH +XUOH\ DQG
6KLQ¿HOGVLWHVZHUHWRFORVHE\$SULO$GGLWRQDO
ODQG DQG DQLPDO IDFLOLWLHV ZRXOG EH SURYLGHG E\
WKH DFTXLVLWLRQ RI 7UDZVJRHG QHDU $EHU\VWZ\WK
IRUPHUO\DQ$'$6([SHULPHQWDO+XVEDQGU\)DUP
&RQVLGHUDEOH IXQGLQJ ZDV SURYLGHG IRU VWDII
WUDQVIHU DQG IRU QHZ IDFLOLWLHV DW$EHU\VWZ\WK DQG
1RUWK:\NHIRUSURJUDPPHVUHORFDWHGIURP+XUOH\
DQG6KLQ¿HOG
7KHVH GHFLVLRQV FOHDUO\ KDG VHYHUH LPSOLFDWLRQV
IRUVWDIIEDVHGDWVLWHVVFKHGXOHGIRUFORVXUH6WDII
LQ QRQPRELOH JUDGHV EURDGO\ VSHDNLQJ PRVW
RI WKH WHFKQLFDO DGPLQLVWUDWLYH DQG IDUP VWDII
KDG WKH ULJKW WR D UHGXQGDQF\ SDFNDJH RU WR EH
FRQVLGHUHG IRU WUDQVIHU WR SRVWV DW RWKHU VLWHV
LQ ,*(5 DQG$)5&PRUHZLGHO\6WDII LQPRELOH
JUDGHVPDLQO\UHVHDUFKLQLWLDWRUVZHUHWREHWUDQVIHUUHGWRRWKHUVLWHVLQ,*(5LIWKHSURJUDPPHV
WKH\ZHUH LQYROYHG LQZHUHWREHVXVWDLQHG ,I WKLVGLGQRWDSSO\ WKHQWKHVWDIIFRXOGDSSO\ IRU
7+('(9(/230(172)+85/(<$1'1257+:
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&ORVLQJ+XUOH\
7KH FORVXUH RI WKH +XUOH\ VLWH ZDV D SURWUDFWHG
SURFHVV DV VRPH UHVHDUFK DQG VRPH VWDIIZHUH WR
WUDQVIHU WR RWKHU VLWHV DQG H[LVWLQJ FRPPLVVLRQHG
SURJUDPPHVKDGWREHFRQFOXGHG,WEHJDQLQ
DQGZDVQRWFRPSOHWHGXQWLO$XJXVW
)RU PDQ\ VWDII FORVXUH EHJDQ ZKHQ WKH\ ZHUH
DVNHGWRSURYLGHDFRPSUHKHQVLYHOLVWRIDOOIXUQLWXUH
HTXLSPHQW DQG PDFKLQHU\ XQGHU WKHLU FDUH 7KH
FRQVROLGDWHG LQYHQWRU\ WKHQ EHFDPH WKH EDVLV IRU
DOORFDWLQJ LWHPV IRU XVH HOVHZKHUH RU IRU VDOH $W
¿UVWFKDQJHVZHUHLPSHUFHSWLEOHEXWDVWKHSDFHRI
UHGXQGDQFLHV TXLFNHQHG HPSW\ RI¿FHV DSSHDUHG
VHUYLFHVZHUHFXWEDFNDQGIDUHZHOOVWRIULHQGVDQG
FROOHDJXHVRFFXUUHGZLWKHYHULQFUHDVLQJIUHTXHQF\
2Q WKH IDUP WKHUH ZDV D UXQGRZQ RI UHVHDUFK
DFWLYLW\ WKHVDOHRI WKHGDLU\KHUGDQGDFKDQJH WR
FRPPHUFLDO IDUPLQJ DFFRPSDQLHG E\ PDQ\ VWDII
UHGXQGDQFLHV
)RU IRXUPRQWKV DIWHU WKH RI¿FLDO FORVXUH RI +XUOH\
WKH WDVN RI FOHDUDQFH IHOO WR VL[ PHPEHUV RI VWDII
(YHU\WKLQJ ZDV UHPRYHG WR FHQWUDO VWRUDJH DUHDV
XQZDQWHG GU\ DQG FROGVWRUHG VDPSOHV GLVSRVHG
RI DQG SDSHUV VRUWHG WKURXJK SULRU WR VDYLQJ RU
VKUHGGLQJ5HPRYDOORUULHVPDGHVRPHMRXUQH\V
WR HLWKHU 1RUWK :\NH RU $EHU\VWZ\WK DQG RWKHU
RUJDQLVDWLRQV FROOHFWHG PDQ\ LWHPV )LQDOO\ DW WKH
HQGRI-XO\HYHU\WKLQJUHPDLQLQJZDVVROGDWDXFWLRQ
DQGFORVXUHFRPSOHWHG
$IWHUFORVXUHWKHODQGZDVOHWXQWLOVROGPXFKODWHU
7KH ¿HOGV EHKLQG WKH ,QVWLWXWH DQG WR WKH OHIW RI
+RQH\/DQHZHQWWR+XUOH\)DUPV-XGGPRQWH6WXG
)DUPVDFTXLUHGWKRVHWR WKH+RGJHGDOHVLGHRI WKH
EULGOHZD\ DQG 0LFKDHO 6KDQO\ +RPHV ERXJKW WKH
UHPDLQGHU $OO EXLOGLQJV RQ WKH IDUP VLWH ZHUH
UHPRYHGDQGD FRXQWU\ HVWDWHZDV FUHDWHG$QHZ
HQWUDQFHWRWKLVHVWDWHZDVPDGHRIIWKH+HQOH\URDG
RSSRVLWH 6KHSKHUGV /DQH $ JUDQG XQRFFXSLHG
FRXQWU\KRXVHQRZVWDQGVRQWKHIDUPEXLOGLQJVVLWH
DQGDODUJHODNHH[LVWVLQWKH¿HOGVUXQQLQJWR$VKOH\
+LOO7KHPDLQ ,QVWLWXWHEXLOGLQJVDQGJURXQGVKDYH
EHHQVXFFHVVLYHO\RZQHGE\DQXPEHURI¿UPVZKR
DOOXOWLPDWHO\GHFLGHGQRWWRSURFHHGZLWKUHQRYDWLRQ
RUUHEXLOGLQJ3URSHUW\GHYHORSHUV¿QDOO\GHFLGHGWR
NQRFNGRZQWKHROGEXLOGLQJVDQGUHSODFHWKHPZLWK
DQDWWUDFWLYHPRGHUQRI¿FHEORFN6L[WHHQPRQWKVRQ
IURPFRPSOHWLRQWKH\DUHVWLOOORRNLQJIRUDWHQDQW
'LFN%DNHU+XUOH\±

FRQVLGHUDWLRQ IRU UHGHSOR\PHQW WR RWKHU SRVWV LQ
,*(5DQGHOVHZKHUHLQ$)5&RUEHPDGHUHGXQGDQW
,W WRRN VRPH PRQWKV EHIRUH WKH FRPSOHPHQW RI WKH
UHVWUXFWXUHG ,QVWLWXWH DQG WKH VLWLQJ RI FRQWLQXHG
SURJUDPPHV ZDV GHWHUPLQHG SURORQJLQJ WKH
XQFHUWDLQW\ IRU VWDII ,Q WKH HYHQW VRPH  VWDII
WUDQVIHUUHG IURP +XUOH\ WR$EHU\VWZ\WK  WR 1RUWK
:\NH IRXU WR %DEUDKDP DQG WZR ZHUH UHORFDWHG
DV ,*(5 VWDII WR 5HDGLQJ 8QLYHUVLW\ $ WRWDO RI 
+XUOH\ VWDII OHIW WKH ,QVWLWXWH WKURXJK UHGXQGDQF\
RU UHWLUHPHQW  E\ UHVLJQDWLRQ DQG HLJKW DW WKH
WHUPLQDWLRQRIVKRUWWHUPFRQWUDFWV
5HVHDUFKRQ UXPLQDQW QXWULWLRQ DQGSURGXFWLRQ IHHG
TXDOLW\ PLFURELRORJ\ SODQW QXWULWLRQ DQG VWDWLVWLFV
ZDV UHORFDWHG WR $EHU\VWZ\WK DQG ZLWK VXEVWDQWLDO
UHGXFWLRQLQWKHPDJQLWXGHRIZRUNLQWKH¿UVWWZRDUHDV
,QWHUHVWLQJO\ WKH DQLPDO FDORULPHWHUV ZHUH GHHPHG
QRW WR EH UHTXLUHG DQG ZHUH WUDQVIHUUHG WR 5HDGLQJ
8QLYHUVLW\ DQG+LOOVERURXJK1RUWKHUQ ,UHODQGZKHUH
WKH\ FRQWLQXH WR EH IXOO\ XVHG0HDQZKLOH UHVHDUFK
RQ VRLOV IDUP ZDVWHV JUD]LQJ HFRORJ\ PRGHOOLQJ
DQG JUDVVODQG SHVWV DQG GLVHDVHV ZDV UHORFDWHG WR 1RUWK :\NH DQG IXOO\
VXVWDLQHG 0RVW RI WKH UHVHDUFK OHDGHUV DQG D ODUJH SURSRUWLRQ RI VXSSRUW VWDII LQ
SURJUDPPHV WR EH WUDQVIHUUHG WR 1RUWK :\NH VWD\HG LQ WKH ,QVWLWXWH DQG PRYHG WR 'HYRQ
ZKLOVW D FRQVLGHUDEOH QXPEHU RI VFLHQWLVWV LQ WKH DQLPDO DUHDV UHVLJQHG IURP WKH
,QVWLWXWHRUZHUHPDGHUHGXQGDQW
7KHRUJDQLVDWLRQDOVWUXFWXUHZDVFKDQJHGWRUHÀHFWWKHVHFKDQJHVLQWKHUHPLWRI WKH,QVWLWXWH
ZLWKWZR5HVHDUFK'LYLVLRQV3ODQW6FLHQFH'DYLG:LOVRQDQG(FRORJ\DQG/DQG8VH5RJHU
:LONLQV $OO VWDII EDVHG DW 1RUWK :\NH ZHUH LQ WKH 6RLOV DQG $JURHFRORJ\ 'HSDUWPHQW
5RJHU :LONLQV ZLWK WKH IROORZLQJ *URXSV $JURQRP\ DQG (FRORJ\ 5RJHU 6KHOGULFN
,QYHUWHEUDWH DQG )XQJDO (FRORJ\ %RE
&OHPHQWV )DUP :DVWHV %ULDQ 3DLQ
(FRSK\VLRORJ\ DQG *UD]LQJ %HKDYLRXU 7RQ\
3DUVRQV DQG 3HWHU 3HQQLQJ 6RLO 6FLHQFH
6WHYH -DUYLV DQG 0RGHOOLQJ DQG 6WDWLVWLFV
-LP)UDQFH
$ ERRNOHW ZDV SURGXFHG LQ  µ7KH
*UDVVODQG5HVHDUFK,QVWLWXWH<HDUV2Q¶WR
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%%65&6SRUWV'D\V
$QDQQXDOVSRUWVGD\ZDVDIHDWXUHIURPWKHV
,QLWLDOO\ LW ZDV FRQ¿QHG WR ,QVWLWXWHV LQ WKH7KDPHV
9DOOH\EXWODWHUZDVZLGHQHGWRLQYROYHDOO,QVWLWXWHV
DQG6WDWLRQVLQWKH5HVHDUFK&RXQFLO
7KH%%65&VSRUWVGD\DOZD\VSOD\HGD ODUJHSDUW
LQ1RUWK:\NH OLIH'HVSLWH WKHVL]HRI1RUWK:\NH
ZH WHQGHG WR KDYH WKH KLJKHVW SURSRUWLRQ RI VWDII
DWWHQGLQJ 1RUWK :\NH DOZD\V ¿HOGHG WHDPV LQ DV
PDQ\HYHQWVDVSRVVLEOHDQGGHYHORSHGD WUDGLWLRQ
RIWXUQLQJWKHHYHQWLQWRDWKUHHGD\FDPSLQJIHVWLYDO
6RPHWLPHV WKLV ZDV QRW VXFK D JRRG LGHD DV
UHYHOULHV RQ WKH QLJKW EHIRUH WKH HYHQWV KDG D
GHWULPHQWDO LPSDFW RQ WKH UHVXOWV 3HUKDSV LI WKH
DOOVWDUIRRWEDOOWHDPKDGUHVWHGWKHQLJKWEHIRUHWKHQ
WKHGLVDSSRLQWPHQWRIEHLQJEHDWHQLQWKH¿QDOE\D
µJROGHQJRDO¶ZRXOGQRWKDYHEHHQVRJUHDW+RPH
DGYDQWDJHKDVDOZD\VSOD\HGDSDUW VR WKDWZKHQ
LW ZDV WKH WXUQ RI1RUWK:\NH WR KRVW WKH HYHQW LQ
WKHLQVWUXFWLRQVIRUWKHF\FOHUDFHZHUHWRµF\FOH
DORQJ6WDWLRQ5RDGXQWLO\RXJHWWRWKH$UP\&DPS¶
IRUJHWWLQJWRPHQWLRQLWZDVXSKLOODOOWKHZD\1HHGOHVV
WR VD\  ZDV RXU ¿QHVW KRXU ZLWK 1RUWK:\NH
ZLQQLQJ WKH RYHUDOO DQG WKH µ6PDOO ,QVWLWXWH¶ SUL]HV
ZLWK D SURXG 5RJHU :LONLQV IUHVK IURP D VHFRQG
SODFHLQWKHWHQQLVEHLQJDEOHWRSUHVHQWWKHWURSKLHV
WRKLVRZQVWDII
3KLO0XUUD\+XUOH\±1RUWK:\NH±
/RUG6HOERUQHSODQWLQJD WUHHDW WKHRSHQLQJRI WKH6HOERUQH
%XLOGLQJLQ5RJHU:LONLQVDSSHDUVWRKDYHJRWLQRQWKH
DFWDQGLVKROGLQJWKHFHUHPRQLDOVSDGHWKDWKDGEHHQXVHGWR
FXWWKH¿UVWWXUIRQWKHVLWHRIWKHQHZUHVHDUFKVWDWLRQDW+XUOH\
LQ

KLJKOLJKWDFKLHYHPHQWVGXULQJWKLVSHULRGDQGWRRXWOLQHFXUUHQWUHVHDUFK
$ FKDUDFWHULVWLF RI -RKQ 6WRGGDUW¶V OHDGHUVKLS ZDV KLV HPSKDVLV RQ KLJK TXDOLW\ LQQRYDWLYH
VFLHQFH +H VWUHQJWKHQHG WKH ,QVWLWXWH LQ PROHFXODU ELRORJ\ EXW DOVR HQFRXUDJHG KROLVWLF
DSSURDFKHVWRDJULFXOWXUDODQGHQYLURQPHQWDOLVVXHVDQGFRQVLGHUDWLRQRIWKHZLGHUFRXQWU\VLGH
,QWKH$QQXDO5HSRUWVIRUDQGKHQRWHGWKHLQFUHDVHGLPSRUWDQFHRIODQGVFDSHDQG
OHLVXUHDQGIRUJUDVVODQGXWLOLVDWLRQIRUSXUSRVHVRWKHUWKDQDQLPDOSURGXFWLRQ+HHQYLVDJHGD
IXWXUHPRVDLFRIODQGXVHVDQGGUHZDWWHQWLRQWRWKHLPSRUWDQFHRIPDQDJHPHQWWRPDLQWDLQRU
HQKDQFHERWDQLFDOGLYHUVLW\
0DQ\RIWKHVHDUHDVZHUHWREHGHYHORSHGLQIXWXUH\HDUVDW1RUWK:\NH7KLVSHULRGDW1RUWK
:\NHKDGWZRGLVWLQFWSKDVHVRQHRIFRQWUDFWLRQDQGRQHRIH[SDQVLRQ6RPHRIWKHIXQGV
IURP0$))SURJUDPPHVDW1RUWK:\NHZHUHORVWIURPWRWKURXJKLPSOHPHQWDWLRQRI
WKHQHDUPDUNHWSROLF\5HVHDUFKRQDQLPDOSURGXFWLRQV\VWHPVZDVSDUWLFXODUO\KDUGKLW DQG
UHVXOWHGLQVWDIIUHGXQGDQFLHV7KHQXPEHURIVWDIIDW1RUWK:\NHIHOOIURPLQWRDWWKHHQG
RI:LWKSODQVEHLQJSUHSDUHGIRU,QVWLWXWHUHVWUXFWXULQJWKHUHZDVFRQVLGHUDEOHXQFHUWDLQW\
DERXWWKHIXWXUH+RZHYHUWKHGHFLVLRQWRUHWDLQ1RUWK:\NHKHUDOGHGDSHULRGRIPDMRUH[SDQVLRQ
ZLWKVWDIIQXPEHUVLQFUHDVLQJWRLQ,QDGGLWLRQWRVWDIIUHORFDWHGIURP+XUOH\VHYHUDOQHZ
DSSRLQWPHQWVZHUHPDGHSDUWLFXODUO\DWWKHSRVWGRFWRUDOOHYHOZLWKWKHVHQHZVFLHQWLVWVKDYLQJ
DODUJHLPSDFWLQUHVHDUFKLQWKHVXEVHTXHQW\HDUV
7KHUH ZDV LQWHQVH DFWLYLW\ LQ SODQQLQJ
WKH QHZ UHVHDUFK EXLOGLQJ DW 1RUWK
:\NHGXULQJ7KLVZDVWRSURYLGH
ODERUDWRU\ IDFLOLWLHV IRUDOOVWDIIDW1RUWK
:\NH DQG WR JLYH PHHWLQJ URRP DQG
FDQWHHQ IDFLOLWLHV ,W ZDV D VXEVWDQWLDO
FKDOOHQJH IRU WKLV WREHDFKLHYHGFORVH
WR EXW LQ JRRGDFFRUGZLWK WKH*UDGH
 /LVWHGPDLQ EXLOGLQJ7KH QHZEXLOG
LQJZDVIXOO\RFFXSLHGE\-DQXDU\
ZLWKLQ  PRQWKV RI WKH GHFLVLRQ RQ
,QVWLWXWH UHVWUXFWXULQJ ,W ZDV IRUPDOO\
RSHQHG LQ0D\E\/RUG6HOERUQH
DQG QDPHG DIWHU KLP *ODVVKRXVH
 IDFLOLWLHV ZHUH DOVR FRQVWUXFWHG DW
WKLVWLPH
,QRI¿FHDFFRPPRGDWLRQZDVLQFUHDVHGE\WKHSDUWLDOFRQYHUVLRQRISDUWRIDQROGFREEDUQ
WRRI¿FHV([SHUWLVHRQVLWHZDVLQFUHDVHGE\WKHORFDWLRQDW1RUWK:\NHRI7LP+DUURGDVHQLRU
VRLO VFLHQWLVW IURP WKH 6RLO 6XUYH\ DQG /DQG5HVRXUFH&HQWUH DQG RI 'DYLG +RJDQ IURP WKH
7+('(9(/230(172)+85/(<$1'1257+:
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/RUG6HOERUQHDQG-RKQ6WRGGDUWZLWKROIDFWRPHWHULQ2GRXUV
/DERUDWRU\DW1RUWK:\NH

5R\DO+ROORZD\ ,QVWLWXWHRI(QYLURQPHQWDO5HVHDUFK
DUUDQJHPHQWVWKDWFRQWLQXHGIRUPRUHWKDQWHQ\HDUV
±7KH3ROORFN<HDUV
2QWKHUHWLUHPHQWRI-RKQ6WRGGDUW LQ2FWREHU
&KULV3ROORFN WRRNXSKLVDSSRLQWPHQWDV'LUHFWRURI
,*(5 7KHUH ZDV FRQVROLGDWLRQ RI FKDQJHV
PDGH GXULQJ WKH IRUPDWLRQ RI ,*(5 DQG &KULV
ZRUNHG WLUHOHVVO\ RQ GHYHORSLQJ FROODERUDWLRQ
DQG V\QHUJ\ EHWZHHQ WKH GLIIHUHQW SDUWV RI
,*(5 +H ZDV IXOO\ FRPPLWWHG WR WKH LPSRUWDQFH
RI HQYLURQPHQWDO DVSHFWV DQG WKH QHHG WR
GHYHORS PXOWLIXQFWLRQDO SDWWHUQV RI ODQG XVH
$QRWKHU IHDWXUH ZDV LQFUHDVHG HPSKDVLV RQ
SURPRWLQJ WKH 3XEOLF 8QGHUVWDQGLQJ RI 6FLHQFH
ZLWK RXWUHDFK WR VFKRROV DQG WR WKH ZLGHU
FRPPXQLW\ 6FKRROV )DLUV DQG 6FLHQFH
:HHNVKDYHEHHQKHOG DQQXDOO\ DW$EHU\VWZ\WK
DQG 1RUWK :\NH 0HPEHUV RI VWDII EHFDPH
6FLHQFH DQG (QJLQHHULQJ $PEDVVDGRUV IRU
VFKRROV 3XEOLF GHEDWHV RQ ZLGH ODQGXVH
LVVXHV ZHUH KHOG DW ERWK ,QVWLWXWH VLWHV

'XULQJ &KULV 3ROORFN¶V WHQXUH ,*(5 ZDV
VXFFHVVIXO LQ DWWUDFWLQJ LQFUHDVHG IXQGLQJ IURP
WKH%%65&WKHVXFFHVVRURUJDQLVDWLRQWR$)5&
YLD WKH&RPSHWLWLYH6WUDWHJLF*UDQWDQG WKURXJK
RWKHU FRPSHWLWLYH IXQGV WKH SURSRUWLRQ RI IXQGV
IURP %%65& LQFUHDVHG IURP  LQ  WR
 LQ)XQGLQJ IURP0$))DQG WKHQ WKH
'HSDUWPHQW IRU (QYLURQPHQW )RRG DQG 5XUDO
$IIDLUV 'HIUD ZDV KRZHYHU XQGHU JUHDW
SUHVVXUH ZLWK UHGXFWLRQV LQ RYHUDOO VSHQG RQ
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1RUWK:\NH$'UHDP
0\IDPLO\DQG,ZHUHIRUWXQDWHWRVSHQGVHYHUDO\HDUV
DW1RUWK:\NHZKLOVWZRUNLQJIRUP\3K',WZDVDQ
XQIRUJHWWDEOH H[SHULHQFH WKDW KDV IRUHYHU PDUNHG
XV DOO ZLWK D µEHIRUH DQG DIWHU¶ 7KHVH ZHUH WLPHV
ZKHUH UHVHDUFK EURXJKW WRJHWKHU NH\ ¿JXUHV LQ DQ
H[SHULPHQWDO VWDWLRQ DQG PH DV D VWXGHQW
LQYROYHG LQ D SURMHFW IHOW SDUW RI LW 7KH HYHU\GD\
HQYLURQPHQW ZDV JUHDW JRRG UHODWLRQVKLSV PL[HG
ZLWK WKH WUDQTXLOOLW\ DQG WKHKDUGZRUN&RIIHH WLPH
DQG GHOLFLRXV OXQFKHV ZHUH JRRG PRPHQWV IRU
FRQYHUVDWLRQ , FDQ¶W IRUJHW WKH SHRSOH IURP ZKRP
, UHFHLYHG JUHDW VXSSRUWZKLFK IURP WKH EHJLQQLQJ
ZHUHYHU\NLQGDQGKRQHVWKHOSLQJXVIHHOFRQ¿GHQW
LQDZRUOGVR IDUDZD\ IURPRXUFXVWRPV7RJHWKHU
ZLWKZRUNWKHUHZDVDJUHDWVRFLDODFWLYLW\GDUWVDQG
ERZOVJURXSVWDEOHWHQQLVSDUWLHVDQGLQYLWDWLRQVWR
JUHDW KRPHV DQG XQIRUJHWWDEOH PXVLFDO PRPHQWV
/DWHU LQ&KLOHPDQ\RI WKHFRQWDFWVPDGHDOORZHG
WKHRUJDQLVDWLRQRIWHFKQRORJLFDOWULSVWR(QJODQGDQG
KHOS LQ WKH GHYHORSPHQW RI UHVHDUFK LQ &KLOH ZLWK
VHYHUDO VWDII IURP 1RUWK :\NH YLVLWLQJ &KLOH DQG
0DUWD$OIDURDQG)UDQFLVFR6DOD]DUIURPP\,QVWLWXWH
LQ&KLOH FRPLQJ WR GR SRVWJUDGXDWHZRUN DW1RUWK
:\NH 7KHVH FRQWDFWV UHPDLQ DFWLYH GHVSLWH WLPH
DQGQHZJHQHUDWLRQVRI UHVHDUFKHUVDQGQHZ OLQHV
RI LQYHVWLJDWLRQ1RUWK:\NHZLOO UHPDLQ D IRFXV RI
DWWUDFWLRQIRUXVDQGKDVEHHQIRUHYHULQP\KHDUWDQG
LQP\IDPLO\2QHRIP\VRQV3DXORLVQRZVWXG\LQJ
IRUKLV3K'DW1RUWK:\NH
-XDQ &DUORV 'XPRQW 3K' VWXGHQW 1RUWK :\NH
±QRZ5HVHDUFK/HDGHU,1,$&KLOH
$1RUZHJLDQLQ'HYRQ3HUVSHFWLYHVIURPD
9LVLWLQJ6FLHQWLVW
7KH FKDOOHQJHV RI JUDVVODQG PDQDJHPHQW DUH QRW
TXLWH WKH VDPH LQ GLIIHUHQW (XURSHDQ FRXQWULHV ,
KDYHDOZD\VEHHQRIWKHRSLQLRQWKDWWKHUHLVDORWWR
OHDUQE\YLVLWLQJRWKHUFRXQWULHVDQGE\SDUWLFLSDWLQJ
LQLQWHUQDWLRQDOFRQIHUHQFHV,KDYHRQWZRRFFDVLRQV
VWD\HG D \HDU DW UHVHDUFK LQVWLWXWHV LQ (XURSH
0\ ¿UVW VWD\ ZDV LQ 6ZLW]HUODQG ZKHUH , KDG WKH
RSSRUWXQLW\ WRZRUNRQDVSHFL¿FVXEMHFWELRORJLFDO
QLWURJHQ¿[DWLRQLQZKLWHFORYHU2QP\VHFRQGVWD\
DW 1RUWK:\NH LQ ± , KDG DPXFK EURDGHU
DSSURDFK , ZLVKHG WR ZRUN ZLWK VHYHUDO RI WKH
UHVHDUFK JURXSV DW WKH 6WDWLRQ LQ RUGHU WR OHDUQ
DERXWUHVHDUFKPHWKRGVDQGUHVXOWV$OOPHPEHUVRI
WKH VWDII KDGD SRVLWLYH DWWLWXGH WRPHDVD YLVLWLQJ
VFLHQWLVW DQG WKH\ ZHUH KHOSIXO DQG GLG QRW VHHP
WR EH WLUHG RI DOOP\TXHVWLRQV RQ UHVHDUFK LVVXHV
RURQVRFLDODQGSROLWLFDOFRQGLWLRQVLQ*UHDW%ULWDLQ
0XFKRIWKHGLVFXVVLRQRFFXUUHGGXULQJEUHDNVLQWKH
FRIIHHURRP0\SDUWLFLSDWLRQLQWKHIRRWEDOOWHDPDW
WKH 6WDWLRQ DOVR UHVXOWHG LQ YDOXDEOH UHODWLRQV ZLWK
PHPEHUVRIWKHVWDII,DPSURXGWRKDYHEHHQDSDUW
RIWKHWHDPWKDWUHDFKHGWKH¿UVWIRRWEDOO¿QDODW6SRUWV
'D\ LQ WKH KLVWRU\ RI 1RUWK:\NH 7KH H[SHULHQFH
RIWKHZKROHIDPLO\E\VWD\LQJD\HDULQDVPDOOWRZQ
LQ'HYRQZDVLQYDOXDEOH
/DUV1HVKHLP9LVLWLQJ6FLHQWLVW1RUWK:\NH±
QRZ6HQLRU5HVHDUFKHU1RUZHJLDQ ,QVWLWXWH IRU
$JULFXOWXUDODQG(QYLURQPHQWDO5HVHDUFK

UHVHDUFKDQGLQFUHDVHGHPSKDVLVRQSROLF\GULYHQ
UHVHDUFK7KHSURSRUWLRQRI IXQGLQJGHFOLQHG IURP
LQ0$))WRLQ'HIUD2YHU
WKH\HDUVIXQGVIURPLQGXVWU\DQGOHY\ERGLHVYDULHG
EHWZHHQ ± WHQGLQJ WR GHFOLQH IURP RWKHU
JRYHUQPHQW GHSDUWPHQWV EHWZHHQ ± WHQGLQJ
WR LQFUHDVH DQG IURP (XURSHDQ 8QLRQ EHWZHHQ
±
5RJHU:LONLQVUHWLUHGIURPKLVSRVLWLRQVDV+HDGRI
1RUWK:\NHDQG'HSXW\'LUHFWRURI ,*(5 LQ
DQG ZDV VXFFHHGHG DV +HDG RI 1RUWK :\NH E\
6WHYH -DUYLV XQWLO KLV UHWLUHPHQW LQ  DQG WKH
VXEVHTXHQWDSSRLQWPHQWRI/HV)LUEDQN
$ GHSDUWPHQWDO VWUXFWXUH ZDV DGRSWHG ZLWK
VWDII DW 1RUWK :\NH EHLQJ ZLWKLQ WKH 6RLOV DQG
$JURHFRORJ\ 'HSDUWPHQW XQWLO  ZKHQ WKLV
ZDV UHQDPHG 6RLO (QYLURQPHQWDO DQG (FRORJLFDO
6FLHQFHV 'HSDUWPHQW 7KLV GHSDUWPHQW KDG WKH
IROORZLQJ WHDPV %HKDYLRXUDO DQG &RPPXQLW\ (FRORJ\ $QGUHZ 5RRN 6RLO 6FLHQFH
DQG (QYLURQPHQWDO 4XDOLW\ 'DYLG 6FKROH¿HOG DQG 3KLO +D\JDUWK DQG 0DQXUHV DQG )DUP
5HVRXUFHV 'DYLG &KDGZLFN ,Q  WKH UHVHDUFK ZDV RUJDQLVHG LQ WZR SURJUDPPHV
'HOLYHULQJ 0XOWLIXQFWLRQDO /DQGVFDSHV KHDGHG E\ /HV )LUEDQN DQG WKH &URVV,QVWLWXWH
3URJUDPPH RQ 6XVWDLQDEOH 6RLO )XQFWLRQ 6RLO&,3 PDQDJHG E\ .HLWK *RXOGLQJ DW
5RWKDPVWHGDQGVXSSRUWHGDW1RUWK:\NHE\3KLO0XUUD\
7KH LQFUHDVH LQ VXSSRUW IURP %%65& ZDV
SDUWLFXODUO\ PDUNHG IRU 1RUWK :\NH ZLWK
WKH FRQWULEXWLRQ IURP %%65& WR WKH EXGJHW
LQFUHDVLQJIURPDERXWWRDV,QVWLWXWH
UHVRXUFHV ZHUH SURJUHVVLYHO\ GHSOR\HG
WRZDUGV VFLHQFH WR XQGHUSLQ HQYLURQPHQWDO
UHVHDUFK$SDUWLFXODUO\LPSRUWDQWGHYHORSPHQW
ZDV WKH IRUPDWLRQ LQRI WKH6RLO&,3 WKH
¿UVW RI %%65&¶V FURVVLQVWLWXWH SURJUDPPHV
ZKLFKOLQNHGPRUHFORVHO\VRLOEDVHGUHVHDUFK
DW 1RUWK:\NH DQG 5RWKDPVWHG 'HVSLWH WKH
QDWLRQDO GHFOLQH LQ IXQGLQJ IURP0$))'HIUD
1RUWK :\NH ZDV VXFFHVVIXO LQ PDLQWDLQLQJ
LQFRPH IURP WKLV VRXUFH GXULQJ WKH ¿UVW SDUW
7+('(9(/230(172)+85/(<$1'1257+:
<.(
1RUWK:\NH6FLHQFH)DLULQDFWLRQ
1RUWK:\NH6FKRROV¶,QWHUDFWLRQV
1RUWK :\NH KDV D ORQJ KLVWRU\ RI ZRUNLQJ ZLWK
VFKRROV 7KH ¿UVW µ1RUWK :\NH 6FLHQFH )DLU¶ ZDV
KHOG GXULQJ 1DWLRQDO 6FLHQFH :HHN LQ  2YHU
 SULPDU\ VFKRRO FKLOGUHQ IURP WHQ ORFDO VFKRROV
DWWHQGHG WKHHYHQW6LQFH WKHQ WKHHYHQWKDVEHHQ
KHOG HYHU\ \HDU ZLWK D EUHDN RQO\ EHFDXVH RI WKH
IRRW DQGPRXWK GLVHDVH RXWEUHDN LQ  DQG WKH
QXPEHUV DWWHQGLQJ KDYH ULVHQ WR RYHU  FKLOGUHQ
IURPXS WRVFKRROV3ULPDU\VFKRRO FKLOGUHQDUH
RIIHUHG IHZ RSSRUWXQLWLHV WR H[SHULHQFH VFLHQFH
DW D OHYHO ZKLFK WKH\ FDQ XQGHUVWDQG DQG DOVR EH
VKRZQWREHUHOHYDQWLQWKHµUHDO¶ZRUOG:HWKHUHIRUH
EHOLHYH WKHUH LV SDUWLFXODU HGXFDWLRQDO YDOXH LQ
WDUJHWLQJWKLVDJHJURXSDQGWKHHYHQWLVDOVRPXFK
DSSUHFLDWHG E\ WHDFKHUV ,W LV SDUWLFXODUO\ XVHIXO WR
GHPRQVWUDWHKRZEDVLFVFLHQFHH[SHULPHQWVFDQEH
FDUULHGRXW LQ VFKRRO WRR7KHRWKHUPDMRU VFKRROV
UHODWHG HYHQW LV µ6FLHQFH:LWK,Q7HQW VLF¶ ZKLFK LV
KHOGLQDPDUTXHHDWWKH'HYRQ&RXQW\6KRZ+HUH
1RUWK:\NHVFLHQWLVWVZRUNZLWKRWKHUJURXSVVXFK
DV6HW3RLQW WKH%$#%ULVWRO ,QVWLWXWH RI 3K\VLFV
WKH0HW2I¿FHDQG8QLYHUVLWLHVWRSURPRWHVFLHQFH
WRDZLGHUDXGLHQFH7KLVHYHQWKDVUXQIRUWHQ\HDUV
DQGDWWUDFWVRYHUFKLOGUHQHDFK\HDU
3KLO0XUUD\+XUOH\±1RUWK:\NH±

RIWKLVSHULRG:KLOVWVXSSRUWIRUUHVHDUFKRQJUDVVODQG
DJURQRP\ DQG RQ JUD]LQJ HFRORJ\ ZDV UHGXFHG DQG
HYHQWXDOO\OHGWRWHUPLQDWLRQRIUHVHDUFKLQWKRVHDUHDV
WKH SUHYHQWLRQ RI SROOXWLRQ WKH LPSOLFDWLRQV RI FOLPDWH
FKDQJH DQG WKH HQKDQFHPHQW RI ELRGLYHUVLW\ ZHUH DOO
SULRULW\ DUHDV  1RUWK:\NHZDV H[WUHPHO\ VXFFHVVIXO
LQDWWUDFWLQJFRPSHWLWLYH IXQGLQJ LQ WKHVHDUHDV$NH\
IHDWXUHRI1RUWK:\NH UHVHDUFKZDV WKHGHYHORSPHQW
RIHIIHFWLYHFROODERUDWLRQVZLWKRWKHUJURXSVZLWK$'$6
&HQWUH IRU (FRORJ\ DQG +\GURORJ\ &(+ DQG 6LOVRH
5HVHDUFK,QVWLWXWHEHLQJSDUWLFXODUO\LPSRUWDQWSDUWQHUV
1RUWK :\NH ZDV DOVR DQ $VVRFLDWHG ,QVWLWXWH RI WKH
8QLYHUVLW\ RI 5HDGLQJ DQG D 3DUWQHU 2UJDQLVDWLRQ
RI WKH8QLYHUVLW\ RI 3O\PRXWK 3RVWJUDGXDWH VWXGHQWV
DW 1RUWK :\NH ZHUH DOVR UHJLVWHUHG ZLWK WKHVH DQG
RWKHU 8QLYHUVLWLHV GHSHQGLQJ RQ WKH WRSLF 7KH VLWH
DOVR EHQH¿WWHG IURP VWURQJ LQWHUQDWLRQDO FRQWDFWV
WKURXJKOHDGHUVKLSDQGSDUWLFLSDWLRQLQ(XURSHDQ8QLRQ
SURJUDPPHV ELODWHUDO SURMHFWV ZLWK $XVWUDOLD 1HZ
=HDODQG -DSDQ 86$ DQG 6RXWK $PHULFD DQG
WKURXJK YLVLWLQJ VFLHQWLVWV DQG VWXGHQWV 7KH 1RUWK
:\NHVLWHZDVSXUFKDVHGE\%%65& IURP WKH&URZQ(VWDWH LQZLWK WKH VLWH OHDVHG WR
,*(57KLVZDVDFOHDUHQGRUVHPHQWE\%%65&RI WKH LPSRUWDQFHRI1RUWK:\NH¶VUHVHDUFK
7KH WK DQQLYHUVDU\ RI WKH HVWDEOLVKPHQW RI 1RUWK :\NH ZDV FHOHEUDWHG LQ  ZLWK D
FRQIHUHQFH DQG 2SHQ 'D\ ,*(5 ,QQRYDWLRQV  ZDV HQWLUHO\ GHYRWHG WR 1RUWK :\NH
GHVFULELQJSUHYLRXVDQGRQJRLQJUHVHDUFK7KLV\HDUDOVRVDZWKHFRPPLVVLRQLQJRIQHZEXLOGLQJV
WR XSJUDGH WKH IDUP IDFLOLWLHV SDUWLFXODUO\ IRU DQLPDOV  ,W ZDV KRZHYHU D UDWKHU SRLJQDQW
SHULRGZLWKDQXPEHURIVWDIIUHGXQGDQFLHVDQGWKHWHUPLQDWLRQRIUHVHDUFKRQJUD]LQJEHKDYLRXU
DQDUHDZLWKLQZKLFK+XUOH\DQG1RUWK:\NHKDGEHHQ LQWHUQDWLRQDO OHDGHUV IRUPDQ\ \HDUV
6WDIIQXPEHUVDW1RUWK:\NHEHWZHHQDQGÀXFWXDWHGEHWZHHQDQGEXWWKHQIHOO
VORZO\WRLQ7KHUHZDVKRZHYHUFRQVLGHUDEOHUHSRVLWLRQLQJRIUHVHDUFKIRFXVGXULQJ
WKLVSHULRGDQGQHZDUHDVRI UHVHDUFKZHUHRSHQHGXS ,QSDUWLFXODU UHVHDUFKZDVH[WHQGHG
EH\RQG WKH IDUP JDWHZLWK VWXGLHV LQFUHDVLQJO\ FRQVLGHULQJ HIIHFWV RI ODQG XVH DQG ODQG XVH
FKDQJHDW WKHFDWFKPHQW OHYHO5HVHDUFKRQJUDVVODQGELRGLYHUVLW\ZDVEURDGHQHG WR LQFOXGH
HIIHFWV QRW RQO\ RQ SODQW FRPPXQLWLHV EXW DOVR RQ ELUGV LQYHUWHEUDWHV DQGPLFUREHV:KROH
SDWWHUQVRI ODQGXVHZHUHFRQVLGHUHG LQ ODQGVFDSHVWXGLHVDQG OLQNDJHVZLWKVRFLDOVFLHQWLVWV
SDUWLFXODUO\ LQ WKH8QLYHUVLW\RI([HWHU IDFLOLWDWHGZLGHUDSSUDLVDORI WKH LPSDFWVRIFKDQJHV LQ
JUDVVODQGPDQDJHPHQWDQGODQGXVH$VWDUWZDVPDGHWRGHYHORSSK\VLFDOUHVRXUFHVDW1RUWK
:\NHLQWRµUHVHDUFKSODWIRUPV¶WRIDFLOLWDWHLQWHJUDWLRQRIVFLHQFHHIIRUWLQWRWKHVRLOSODQWDQLPDO
HQYLURQPHQWFRQWLQXXP
7+
(
'(
9(
/2
30
(1
72
)+
85
/(
<$
1'
1
25
7+
:
<.
(
'LVFUHWHDQDO\VHUDW1RUWK:\NHZLWK
FDSDELOLW\RIDQDO\VLQJVDPSOHVSHU
KRXUIRUVL[GLIIHUHQWFRQVWLWXHQWV

±7UDQVLWLRQRI1RUWK:\NHIURP,*(5WR5RWKDPVWHG5HVHDUFK
7KHJRYHUQDQFHRIWKH,QVWLWXWHVSDUHQWHGE\%%65&ZDVFRQVLGHUHGE\DFRPPLWWHHFKDLUHG
E\6LU%ULDQ)ROOHWW,WZDVFRQFOXGHGWKDWLWZDVDQRPDORXVWKDWZKLOVW,QVWLWXWHVZHUHFRQVWLWXWHG
DVFRPSDQLHVOLPLWHGE\JXDUDQWHHDQGKDGFKDULWDEOHVWDWXVDQGWKHLURZQ*RYHUQLQJ%RGLHV
VWDIIZHUHHPSOR\HGE\WKH5HVHDUFK&RXQFLOZKLFKKDGWRIXQGSHQVLRQDQGUHGXQGDQF\FRVWV
%%65&GHFLGHGLQWKDW,QVWLWXWHVVKRXOGEHHLWKHUGLUHFWO\FRQWUROOHGE\%%65&RUEHFRPH
LQGHSHQGHQWIURP%%65&$QXPEHURIRSWLRQVIRUWKHIXWXUHRI,*(5ZHUHFRQVLGHUHGEXWWKH
UHVXOWZDVDGHFLVLRQWKDWWKH:HOVKVLWHVLQ,*(5ZRXOGEHFRPHSDUWRIDQHZ,QVWLWXWHZLWKLQ
WKH8QLYHUVLW\RI$EHU\VWZ\WKZKLOVW1RUWK:\NHZRXOG UHPDLQZLWKLQ%%65&DQGEHDOLJQHG
ZLWK5RWKDPVWHG5HVHDUFK &KULV3ROORFN UHWLUHG LQ0DUFKDQG0HUY\Q+XPSKUH\VDV
$FWLQJ'LUHFWRU OHG WKH ,QVWLWXWH WKURXJKD\HDURISUHSDUDWLRQ IRUFKDQJH ,*(5FORVHGDW WKH
HQGRI0DUFK7KH,QVWLWXWHRI%LRORJLFDO(QYLURQPHQWDODQG5XUDO6FLHQFHV,%(56ZDV
IRUPHGZLWKLQ$EHU\VWZ\WK8QLYHUVLW\ DQG1RUWK:\NH5HVHDUFKZDV ODXQFKHG$IWHU D VKRUW
SHULRG RI GLUHFW DGPLQLVWUDWLRQ IURP %%65& WKH PHUJHU ZLWK 5RWKDPVWHG ZDV FRPSOHWHG LQ
$XJXVWZLWK1RUWK:\NH5HVHDUFKEHFRPLQJDQ2SHUDWLRQDO'HSDUWPHQWRI5RWKDPVWHG
5HVHDUFK &ORVH OLQNV DUHPDLQWDLQHG ZLWK WKH 8QLYHUVLWLHV RI ([HWHU DQG 3O\PRXWK DQG WKH
3HQLQVXOD 3DUWQHUVKLS IRU WKH 5XUDO (QYLURQPHQW 335( D FRQVRUWLXP RI DFDGHPLF
RUJDQLVDWLRQVLQ6:(QJODQG
5RJHU:LONLQV
7+('(9(/230(172)+85/(<$1'1257+:
<.(

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7KLVFKDSWHURXWOLQHVDJURQRPLFDQGSK\VLRORJLFDOUHVHDUFKRQJUDVVHVDQGOHJXPHV:RUNDW
+XUOH\ZRQLQWHUQDWLRQDODFFODLPIRUWKHSURYLVLRQRIQHZXQGHUVWDQGLQJRIWKHGHWHUPLQDQWVRI
JURZWKRIJUDVVHVDQGWKHLUUHDFWLRQWRWKHHQYLURQPHQW7KLVLQIRUPDWLRQKDVSURYLGHGDEDVLVIRU
HI¿FLHQWJUDVVODQGPDQDJHPHQWRQWKHIDUP
7KH*URZWKRI*UDVV
$OWKRXJK DW WKH IRXQGDWLRQ RI*5, LW ZDVZHOO NQRZQ WKDWPRVW JUDVVHV LQ %ULWLVK DJULFXOWXUH
ZHUH ORQJOLYHGSHUHQQLDOVGHSHQGHQWRQ WKHSURGXFWLRQRI WLOOHUV IURP WKHFRPSUHVVHGEDVDO
LQWHUQRGHVRIWKHLUIRUEHDUVWKHLUGHYHORSPHQWDOPRUSKRORJ\ZDVQRWZHOOXQGHUVWRRG$EHWWHU
XQGHUVWDQGLQJZDVQHHGHGDQGLQWKHV5HLQKDUW/DQJHUDQG*HRUJH5\OHGHVFULEHGWKHOLIH
KLVWRU\RIWLOOHUVVKRZLQJWKHPVRPHWLPHVWREHDQQXDODQGVRPHWLPHVELHQQLDOZLWKWKRVHWKDW
EHFRPHUHSURGXFWLYHVXEVHTXHQWO\G\LQJ7KLVZRUNVKRZHGWKDWWKHVZDUGLVQHYHUVWDWLFDQG
LQGLFDWHGFULWLFDOWLPHVZKHQWLOOHUSRSXODWLRQVPD\EHVPDOODQGPD\SUHMXGLFHVZDUGSHUVLVWHQFH
DQGVXEVHTXHQWSURGXFWLRQ7KHZRUNDW+XUOH\ZDVPDLQO\ZLWKWLPRWK\FRFNVIRRWDQGWDOOIHVFXH
DQGFRPSOHPHQWHG-RKQ&RRSHU¶VZRUNDW$EHU\VWZ\WKZLWKU\HJUDVV,WZDVVKRZQWKDWÀRZHULQJ
LVFRQWUROOHGE\SKRWRSHULRGDQGYHUQDOLVDWLRQDQGLQÀXHQFHGE\PLQHUDOQXWULWLRQDQGLUUDGLDQFH
ZLWK VSHFLHV YDU\LQJ FRQVLGHUDEO\ LQ WKHLU UHTXLUHPHQWV (OHJDQW DQG GH¿QLWLYH UHVHDUFK ZDV
FDUULHG RXW GHVSLWH UDWKHU SULPLWLYH IDFLOLWLHV
ZLWK KRPHFRQVWUXFWHG OLJKWUHJLPH WUROOH\V DQG
VLPSOHJURZWKFDELQHWV
7KHUHZDVHDUO\ IRFXVRQ WKHGHYHORSPHQW RI WKH
LQÀRUHVFHQFH DQG RQ VHHG \LHOG ZLWK 'RXJODV
/DPEHUWXQGHUWDNLQJYDOXDEOHUHVHDUFKLQWKH¿HOG
7KH UHVXOWV ZHUH QRW RQO\ LPSRUWDQW IRU WKH VHHG
LQGXVWU\ EXW DOVR IRU PDQDJHPHQW EHFDXVH RI
WKH PDMRU LQÀXHQFH RI UHSURGXFWLYH GHYHORSPHQW
RQSDWWHUQRIJURZWKDQGGU\PDWWHU'0SURGXFWLRQ
DQGRQIRUDJHTXDOLW\
5HVHDUFK LQZKLFK0LNH5REVRQSOD\HGDPDMRU UROHVKRZHG WKDWGXULQJDFWLYHJURZWK WLOOHUV
SURGXFHDQHZ OHDIHYHU\VHYHQWR WHQGD\V7LOOHUVFDUU\DFRQVWDQWQXPEHURIJUHHQ OHDYHV
QRUPDOO\WKUHHVRWKDWXQOHVVKDUYHVWLQJLVYHU\IUHTXHQWDQGVHYHUHWKHUHLVDFRQWLQXDOORVVRI
OHDIWLVVXHE\GHDWKDQGGHWDFKPHQW7KLVUHVHDUFKKLJKOLJKWHGWKHLPSRUWDQFHRIWLVVXHORVVWR
WKHFDUERQHFRQRP\RIWKHVZDUG
:LWK LQFUHDVHG XQGHUVWDQGLQJ RI WKH GHYHORSPHQWDO PRUSKRORJ\ RI JUDVVHV DWWHQWLRQ WR
TXDQWLWDWLYHDVSHFWVRIJURZWKLQFUHDVHG)URPWKHPLGV*HRUJH5\OH2ZHQ-HZLVVDQG
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6PDOOSORWH[SHULPHQWDW1RUWK:\NHZLWK'DUWPRRU
LQEDFNJURXQG

0LNH5REVRQPDGHH[WHQVLYHXVHRIJURZWKDQDO\VLV WHFKQLTXHV WRVWXG\ WKHGHYHORSPHQWRI
LQGLYLGXDOJUDVVSODQWVDQGUHVSRQVHVWRLUUDGLDQFHWHPSHUDWXUHPLQHUDOQXWULWLRQDQGGHIROLDWLRQ
7KLVUHVHDUFKZDVPXFKDLGHGE\WKHDFTXLVLWLRQRIPRUHVRSKLVWLFDWHGJURZWKFDELQHWVLQWKH
VDQGE\WKHGHYHORSPHQWRIHTXLSPHQWIRUPHDVXULQJFDUERQGLR[LGHH[FKDQJHDQGIDFWRUV
LQÀXHQFLQJLQGLYLGXDOOHDISKRWRV\QWKHVLV
6HDVRQDO3DWWHUQVRI3URGXFWLRQ
9DULDWLRQ LQ JURZWK UDWH ZLWKLQ DQG EHWZHHQ \HDUV SUHVHQWV D PDMRU FKDOOHQJH IRU JUDVVODQG
PDQDJHPHQW DQG PXFK HDUO\ ZRUN DW 'UD\WRQ DQG +XUOH\ GHVFULEHG SURGXFWLRQ SDWWHUQV RI
GLIIHUHQWJUDVVVSHFLHVDQGYDULHWLHV'UDZLQJRQHDUOLHUZRUNE\5HJ$QVORZ-LP&RUUDOODQG
-RKQ)HQORQGHYHORSHGDPHWKRGRORJ\ IRUGHVFULELQJVHDVRQDOSDWWHUQVRISURGXFWLRQDQG IRU
VWDWLVWLFDOO\DQDO\VLQJWKHGDWD7KLVLQYROYHGWKHXVHRIIRXUVHULHVRISORWVHDFKFXWDWIRXUZHHNO\
LQWHUYDOVWKURXJKWKHJURZLQJVHDVRQZLWKWKHFXWVRYHUODSSLQJVRWKDWLQHDFKZHHNRQHRIWKH
VHULHVZDVFXW7KLVIDFLOLWDWHGFDOFXODWLRQRIDGDLO\JURZWKUDWHWKDWUHSUHVHQWHGWKHDYHUDJHRI
WKHIRXUVHULHVRISORWV7KLVPHWKRGRORJ\KDVEHHQZLGHO\DGRSWHGWKURXJKRXWWKHZRUOG8VLQJ
WKLVDSSURDFKDFKDUDFWHULVWLFVHDVRQDOSDWWHUQRISURGXFWLRQZDVFRQ¿UPHGZLWKDSHDNRIJURZWK
LQ$SULO0D\*URZWKDW+XUOH\ODWHULQWKH\HDUZDVVKRZQWREHVWURQJO\LQÀXHQFHGE\UDLQIDOO
,Q\HDUVZKHQPLGVXPPHUSURGXFWLRQZDVVHYHUHO\OLPLWHGE\ZDWHUVKRUWDJHWKHUHZDVRIWHQ
DVHFRQGDU\SHDN LQSURGXFWLRQ LQ WKHHDUO\DXWXPQZKHQVRLOPRLVWXUHFRQGLWLRQVZHUHPRUH
IDYRXUDEOH$OWKRXJKWKHUHZHUHVRPHGLIIHUHQFHVEHWZHHQYDULHWLHVDQGVSHFLHV LQ WKHWLPLQJ
RIWKHVSULQJSHDNZKHQSORWVZHUHLUULJDWHGDQGVXSSOLHGZLWKKLJKUDWHVRIIHUWLOLVHUDOPRVWDOO
RIWKHJUDVVHVH[DPLQHGIROORZHGWKLVEDVLFSDWWHUQ6RPHH[RWLFPDWHULDOVVXFKDVWDOOIHVFXHV
IURP1RUWK$IULFDGHPRQVWUDWHGFRQVLGHUDEOHZLQWHUJURZWKEXWPRUHSURQRXQFHGGHSUHVVLRQLQ
PLGVHDVRQSURGXFWLRQZKLOVWWKHSURGXFWLRQSDWWHUQRIDQQXDOJUDVVHVPDL]HDQGVRUJKXPZDV
VKRZQWREHUDGLFDOO\GLIIHUHQWIURPWKDWRIWKHSHUHQQLDOVSHFLHV
7KHWHFKQLTXHZDVDOVRXVHGWRVWXG\YDULDWLRQEHWZHHQVHDVRQVDQGEHWZHHQVLWHV5HIHUHQFH
SORWVRISHUHQQLDOU\HJUDVVUHHVWDEOLVKHGHDFK\HDUSURYLGHGFRPSDUDEOHGDWDDW+XUOH\IRU
\HDUVDQGDW1RUWK:\NHIRU\HDUVZLWKSORWVJURZQZLWKDQGZLWKRXWLUULJDWLRQ-LP&RUUDOOOHG
D)$2VXSSRUWHGH[SHULPHQWLQZKLFKWKLVWHFKQLTXHZDVXVHGWRVWXG\SURGXFWLRQIURPSHUHQQLDO
U\HJUDVVDQGWLPRWK\DWVLWHVLQ(XURSHDQFRXQWULHVIRURQHWR¿YH\HDUV7KLVGDWDVHWKDV
EHHQXVHGH[WHQVLYHO\ WRYDOLGDWHPRGHOVRIJUDVVSURGXFWLRQ LQ UHODWLRQ WRFOLPDWLFYDULDEOHV
7KHODUJHYDULDWLRQVLQSURGXFWLRQZLWKLQDQGEHWZHHQ\HDUVDWDVLQJOHVLWHDQGEHWZHHQVLWHV
XQGHUOLQHG WKH QHHG IRU SK\VLRORJLFDO UHVHDUFK WR XQGHUVWDQG UHDVRQV IRU WKHVH SURGXFWLRQ
SDWWHUQV
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8QGHUVWDQGLQJ*UDVV3URGXFWLRQ3DWWHUQV
$ PDMRU SURJUDPPH ZDV PRXQWHG DW +XUOH\ WR XQGHUVWDQG WKH SK\VLRORJLFDO UHDVRQV
IRUWKHVHDVRQDOSDWWHUQRIJUDVVSURGXFWLRQ7KHGHPRQVWUDWLRQE\5HJ$QVORZWKDWWKHUHZDV
QR VLPSOH FRUUHODWLRQ EHWZHHQ JURZWK PHDVXUHG E\ '0 LQFUHDVH DQG OHDI DUHD LQGH[
/$, LQGLFDWHG WKH UHTXLUHPHQW IRU VWXG\ DW JUHDWHU GHSWK DQG WKH QHHG WR OLQN
UHVHDUFKLQWKHJURZWKURRPZLWKZRUNLQWKH¿HOG
/HDI SKRWRV\QWKHVLV XQGHUOLHV SURGXFWLRQ DQG ZDV LQYHVWLJDWHG LQWHQVLYHO\
DW+XUOH\DQG$EHU\VWZ\WK-DQH:ROHGJHVKRZHGKRZKDOYLQJWKHLUUDGLDQFH
LQ ZKLFK OHDYHV GHYHORS KDOYHV WKHLU SKRWRV\QWKHWLF HI¿FLHQF\ ZKHQ IXOO\
H[SDQGHGDQGKRZHI¿FLHQF\GHFOLQHVZLWKDJH7KHVHIDFWRUVZHUHVKRZQWR
KDYHDPDMRUHIIHFWRQWKHVHDVRQDOSDWWHUQRISURGXFWLRQ

,QYHVWLJDWLRQRIDVVLPLODWHXWLOLVDWLRQXVLQJ&2SURYLGHGIXUWKHUFOXHVWRWKH
UHDVRQVIRUWKHSURGXFWLRQSDWWHUQV,WZDVVKRZQWKDWLQVHHGOLQJVDQGMXYHQLOH
SODQWVSULRULW\ LVJLYHQ WR URRWJURZWKEXW WKHQDV WLOOHUVGHYHORS WKHLUVKDUH
LQFUHDVHVDWWKHH[SHQVHRIURRWV5HSURGXFWLYHGHYHORSPHQWIXUWKHULQFUHDVHV
DOORFDWLRQWRVWHPJURZWKUDWKHUWKDQWRURRWV ,Q ORZOLJKWPRUH LVDOORFDWHG
WR OHDI JURZWK DQG DIWHU FXWWLQJ GLVWULEXWLRQ LV UHRUJDQLVHG WR IDYRXU UH
HVWDEOLVKPHQWRIOHDIDUHD
$WWHQWLRQ ZDV DOVR JLYHQ WR UHVSLUDWLRQ ORVVHV 5HVHDUFK E\ *HRUJH 5\OH XVLQJ &2 JDYH
VWURQJVXSSRUW IRU WKHFRQFHSWEHLQJGHYHORSHGE\0F&UHHDQG7URXJKWRQ LQ WKH86$IRU WZR
FRPSRQHQWVRIUHVSLUDWLRQWREHUHFRJQLVHGZLWKRQHOLQNHGWRSKRWRV\QWKHVLVDQGJURZWKDQG
WKHRWKHUWRPDLQWHQDQFHRIELRPDVV7KHSRVVLELOLW\RIUHGXFLQJUHVSLUDWLRQORVVHVZDVH[SORUHG
DW $EHU\VWZ\WK E\ 'DYLG :LOVRQ LQ FROODERUDWLRQ ZLWK 0LNH 5REVRQ /LQHV RI 6 SHUHQQLDO
U\HJUDVVKDYLQJIDVWRUVORZUDWHVRIPDLQWHQDQFHUHVSLUDWLRQZHUHVHOHFWHG,QVLPXODWHGVZDUGV
WKHVORZOLQHJDYHJUHDWHU\LHOGPDLQO\EHFDXVHRIWKHFXPXODWLYHHIIHFWRIJUHDWHULQYHVWPHQWLQ
OHDIJURZWK
5HVHDUFK LQ WKH ¿HOG RQ VHDVRQDO SURGXFWLRQ SDWWHUQV FRQFHQWUDWHG RQ SHUHQQLDO U\HJUDVV
FXWDWHDUHPHUJHQFHDQGRQ IRXU IXUWKHURFFDVLRQV7KHHQFORVXUHDSSDUDWXVZDVXVHG
H[WHQVLYHO\DQGOLQNHGZLWKVWXGLHVLQWKHJURZWKURRPXVLQJVLPXODWHGVZDUGV%\WKHHDUO\V
WKHUHDVRQVIRUWKHVHDVRQDOSDWWHUQRISURGXFWLRQZHUHHOXFLGDWHGE\WKHWHDPOHGE\7HG/HDIH
ZLWK:DOWHU6WLOHV,QWKHUHSURGXFWLYHVZDUGODUJHUDWHVRIFDQRS\SKRWRV\QWKHVLVFRXSOHGZLWK
DODUJHDOORFDWLRQRIDVVLPLODWHWRVWHPJURZWKOHDGVWRDKLJKUDWHRISURGXFWLRQDQGKLJKFHLOLQJ
\LHOG$IWHUWKH¿UVWFXWWKHUHLVRIWHQDQHJDWLYHFDUERQEDODQFHDQGDODJLQSURGXFWLRQ5HGXFHG
UDWHVRISURGXFWLRQLQVXEVHTXHQWYHJHWDWLYHUHJURZWKVUHVXOWIURPUHVWULFWHGFDQRS\SKRWRV\QWKHVLV
EHFDXVH RI WKH SRRU HI¿FLHQF\ RI OHDYHV GHYHORSHG LQ WKH SURVWUDWH FDQRS\ -RKQ 6KHHK\
H[WHQGHG WKLVZRUN DQGPDGH GHWDLOHG VWXGLHV RQ WKH FDQRS\ VWUXFWXUH OLJKW GLVWULEXWLRQ DQG
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$VVLPLODWLRQFKDPEHUIRU
PHDVXULQJVLQJOHOHDI
SKRWRV\QWKHVLV

SKRWRV\QWKHVLVLQVZDUGVRIVHYHUDOIRUDJHJUDVVHV
7KHGDWDIDFLOLWDWHGWKHFRQVWUXFWLRQRIDPRGHORI
FDQRS\ SKRWRV\QWKHVLV DQG JURZWK RI SHUHQQLDO
U\HJUDVVDQGUHVSRQVHWRHQYLURQPHQWDOIDFWRUV
5HVHDUFK E\ -RKQ 3HDFRFN FODUL¿HG WKH WLPH RI
WKH VWDUW RI JURZWK LQ VSULQJ+H VKRZHG WKDW WKH
WHPSHUDWXUHLQWKHUHJLRQRIWKHVKRRWDSH[ZKLFK
LQ VSULQJ LV QHDU RU MXVW EHORZ WKH VRLO VXUIDFH
GHWHUPLQHV WKH UDWHRI OHDIH[WHQVLRQDQG WKDW WKH
UHVSRQVHVLJQL¿FDQWO\LQFUHDVHVEHIRUHWKHWUDQVLWLRQ
WRUHSURGXFWLYHJURZWK
7KHGHYHORSPHQWRIWKHHQFORVXUHDSSDUDWXVJDYH
WKHRSSRUWXQLW\WRPHDVXUHWKHHIIHFWRIZDWHUVWUHVV
DQRWKHU IDFWRU LQÀXHQFLQJ VHDVRQDO SURGXFWLRQ
SDWWHUQRQFDQRS\SKRWRV\QWKHVLVLQWKH¿HOGXVLQJ
UDLQ FRYHUV 0LNH -RQHV IRXQG WKDW FDQRS\
SKRWRV\QWKHVLV GHFOLQHG SURJUHVVLYHO\ LQ WKH
VWUHVVHG VZDUGV /HDI ZDWHU SRWHQWLDO ÀXFWXDWHG
GLXUQDOO\ EXW XQWLO WKHUH ZDV VHYHUH VWUHVV WKHUH
ZDV RYHUQLJKW UHFRYHU\ DQG OHDI ZDWHU SRWHQWLDO
GHFOLQHGRQO\VORZO\7KHUHZHUHQRPDUNHGGLIIHUHQFHVLQVWRPDWDOUHVLVWDQFHXQWLOVHYHUHVWUHVV
RFFXUUHGXQWLOWKLVSRLQWUHGXFWLRQVLQFDQRS\SKRWRV\QWKHVLVDURVHSULPDULO\WKURXJKHIIHFWVRQ
OHDIJURZWKDQGWLOOHULQJZKLFKUHGXFHGOHDIDUHDDQGOLJKWLQWHUFHSWLRQ7KLVFRQWUDVWHGZLWKWKH
UHVXOWVREWDLQHGLQFRQWDLQHUJURZQVZDUGV LQZKLFKVWUHVVGHYHORSHGUDSLGO\ZKHQZDWHUZDV
ZLWKKHOG DQG FDQRS\ SKRWRV\QWKHVLV ZDV UHGXFHG SULQFLSDOO\ WKURXJK LQFUHDVHG VWRPDWDO
UHVLVWDQFH
0RGL¿FDWLRQRI*UDVV3URGXFWLRQ
&XWWLQJ SDWWHUQ DQG IUHTXHQF\  (DUO\
UHVHDUFK GHPRQVWUDWHG WKDW DV FXWWLQJ
IUHTXHQF\ ZDV UHGXFHG VHDVRQDO \LHOG RI
GU\ PDWWHU LQFUHDVHG 7KLV ZDV DVVRFLDWHG
SULQFLSDOO\ZLWK ODWHFXWWLQJLQVSULQJOHDGLQJ
WRIXOOH[SORLWDWLRQRIWKHKLJKJURZWKSRWHQWLDO
RI WKH UHSURGXFWLYH VZDUG +RZHYHU ZKLOVW
WDNLQJDODWHFXWJLYHVDODUJH¿UVWFXWUHJURZWK
LV GHOD\HG DQG .HLWK 'DZVRQ DQG 2ZHQ
-HZLVVVKRZHGWKDWWKLVHIIHFWDURVHODUJHO\
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(QFORVXUH$SSDUDWXV7KHµ0RRQ0DFKLQH¶
,Q WKH ¿HOG LW LV GLI¿FXOW WR GLVFHUQ PHDQLQJIXO
UHODWLRQVKLSV EHWZHHQ HQYLURQPHQWDO IDFWRUV
DQG JUDVV \LHOG ,Q WKH V WKHUH ZDV D PRYH
WRZDUGVWKHPHDVXUHPHQWLQWKH¿HOGRIWKHSURFHVVHV
XQGHUO\LQJ \LHOG DQG SDUWLFXODUO\ FDQRS\
SKRWRV\QWKHVLV 7KHUH ZHUH WZR DSSURDFKHV ERWK
WDNLQJ DGYDQWDJH RI WKH GHYHORSPHQW RI VHQVLWLYH
,QIUD5HG*DV$QDO\VHUV,5*$V,QWKHDHURG\QDPLF
PHWKRG WKH ÀX[ RI &2 LV FDOFXODWHG IURP
FRQFHQWUDWLRQ SUR¿OHV DERYH WKH FURS ZKLOVW LQ
HQFORVXUH PHWKRGV D VPDOO DUHD RI WKH FURS LV
HQFORVHG LQ D WUDQVSDUHQW FRYHU7KH ODWWHUPHWKRG
ZDV FKRVHQ IRU WKH ZRUN DW +XUOH\ EHFDXVH RI LWV
JUHDWHUVLPSOLFLW\DQGVXLWDELOLW\IRUVPDOOSORWZRUN
:DOWHU 6WLOHV DQG 7HG /HDIH GHYLVHG DQG :DOWHU
ZLWK QRWDEOH LQJHQXLW\ DQG VNLOO EXLOW WKH HQFORVXUH
DSSDUDWXV NQRZQ DV WKH µ0RRQ0DFKLQH¶ EHFDXVH
RI LWV IXWXULVWLF DSSHDUDQFH ,W SURYHG SUDFWLFDO
UHOLDEOHDQGVHQVLWLYHDQDLUFUDIWYDSRXUWUDLOSDVVLQJ
RYHU WKH IDFH RI WKH VXQ ZDV UHDGLO\ GHWHFWDEOH LQ
WKHSKRWRV\QWKHVLV WUDFH7KHXVHRI WKHDSSDUDWXV
SURYLGHGQHZXQGHUVWDQGLQJRIWKHJURZWKSURFHVVHV
LQ FXW DQG JUD]HG VZDUGV$IWHU D SHULRG DW 1RUWK
:\NHWKHµ0RRQ0DFKLQH¶ZDVWUDQVIHUUHGWR7ULQLW\
&ROOHJH'XEOLQIRUUHVHDUFKE\0LNH-RQHVZKRKDG
EHHQRQHRIWKHHDUO\XVHUVDW+XUOH\
7HG/HDIH+XUOH\±
7KHµ0RRQ0DFKLQH¶IRUPHDVXULQJFDQRS\SKRWRV\QWKHVLV
DQGJDVH[FKDQJHLQWKH¿HOGDW+XUOH\

IURPVPDOOWLOOHUSRSXODWLRQDQGVXUYLYDODIWHUFXWWLQJ7KLV
LVDSDUWLFXODUGLVDGYDQWDJHLIFRQWLQXLW\RISURGXFWLRQLV
UHTXLUHGDQGHDUO\¿UVWFXWVJDYHLPSURYHGPLGVHDVRQ
SURGXFWLRQDQGEHWWHUFRQWLQXLW\5HVHDUFKE\%RE/DUJH
VXEVHTXHQWO\GHPRQVWUDWHGDVLPLODUHIIHFWZLWKVZDUGV
JUD]HGE\FDWWOH0LGVHDVRQSURGXFWLRQZDVJUHDWHU
LQVZDUGVWKDWKDGEHHQJUD]HGVHYHUHO\LQVSULQJWKDQ
LQVZDUGVWKDWZHUHPRUHOD[O\JUD]HG
7KH LQ YLWUR GLJHVWLELOLW\ WHFKQLTXH HQDEOHG KHUEDJH
TXDOLW\ WR EH DVVHVVHG RQ PDWHULDO IURP DJURQRPLF
H[SHULPHQWV,QIRUPDWLRQRQSURGXFWLRQDQGGLJHVWLELOLW\
ZDVSURGXFHGE\-LP&RUUDOODQG-RH*UHHQIRUDUDQJH
RI JUDVV VSHFLHV YDULHWLHV DQG FXWWLQJ UHJLPHV
7KLV IDFLOLWDWHG FDOFXODWLRQ RI RSWLPDO PDQDJHPHQW
VWUDWHJLHV LQ UHODWLRQ WR WKH UHTXLUHPHQWV RI WKH
SDUWLFXODUDQLPDOSURGXFWLRQV\VWHPDQGWKHLQIRUPDWLRQ
ZDV ZLGHO\ XVHG LQ PRGHOV RI JUDVV DQG DQLPDO
SURGXFWLRQV\VWHPV
*UD]LQJ  ,W ZDV LQFUHDVLQJO\ UHDOLVHG LQ WKH ODWH
VWKDWUHVXOWVIURPFXWSORWVFRXOGQRWEHGLUHFWO\
DSSOLHG WR JUD]HG VZDUGV 5HVHDUFK RQ WKH JURZWK
DQG SK\VLRORJ\ RI JUD]HG VZDUGV ZDV VWDUWHG E\
0LNH -RQHV DQG 7HG /HDIH LQ  DQG H[WHQGHG
E\ 7RQ\ 3DUVRQV DQG 3HWHU 3HQQLQJ WR DVVHVV WKH
G\QDPLFV RI FDUERQ XSWDNH XWLOLVDWLRQ DQG ORVV
LQ FRQWLQXRXVO\ JUD]HG VZDUGV ,W ZDV VKRZQ WKDW
LQ FRQWUDVW WR FXWWLQJ PDQDJHPHQW ZLWK FRQWLQXRXV JUD]LQJ OHDYHV PD\ EH
IUHTXHQWO\ UHPRYHG DQG WKHVH DUH RIWHQ WKH
\RXQJHVWDQGPRVWSKRWRV\QWKHWLFDOO\HI¿FLHQW
7KLV ZDV KRZHYHU SDUWLDOO\ FRPSHQVDWHG
IRU E\ WKH OHDYHV LQ VHYHUHO\ JUD]HG VZDUGV
GHYHORSLQJ LQ D IDYRXUDEOH OLJKW HQYLURQPHQW
DQG KDYLQJ KLJK SKRWRV\QWKHWLF SRWHQWLDO
,W ZDV VKRZQ WKDW DV WKH /$, DW ZKLFK WKH
VZDUGV ZHUH PDLQWDLQHG ZDV UHGXFHG
WKHUH ZDV UHGXFWLRQ LQ ORVVHV E\ UHVSLUDWLRQ
DQG GHDWK EXW ZLWK IXUWKHU UHGXFWLRQ
LQ/$,WKHUHZDVUHGXFWLRQLQOLJKWLQWHUFHSWLRQ
DQG JURVV SKRWRV\QWKHVLV &RQVHTXHQWO\ WKH
*5
$6
6/
$1
'
35
2'
8&
7,2
1
7KHLQWURGXFWLRQRIWKH+DOGUXSLQWKHPLGVPXFK
UHGXFHGWKHODERXUUHTXLUHGIRUKDUYHVWLQJVPDOOSORWVD
PRGHUQYHUVLRQLVVKRZQ
7KH+XUOH\3DVWXUH0RGHO
7KLV LV D FRPSUHKHQVLYH JUDVVODQG HFRV\VWHP
PRGHO ZKLFK FRPSULVHV SODQW DQLPDO VRLO DQG
ZDWHUVXEPRGHOV:RUNJRWXQGHUZD\RQWKLVSURMHFW
LQ  ZKHQ , MRLQHG WKH VWDII DW +XUOH\  , ZDV
SDUW RI WKH UHRUJDQLVDWLRQ RI WKH %LRPDWKHPDWLFV
'HSDUWPHQW EHLQJ FDUULHG RXW E\ WKH UHFHQWO\
DUULYHG'LUHFWRU$OHF/D]HQE\$OHFXQGHUVWRRGERWK
UDWLRQDOO\DQGLQWXLWLYHO\WKHQHFHVVLW\RIKDYLQJVXFK
D TXDQWLWDWLYH DQG LQWHJUDWLQJ DSSURDFK LQ RUGHU WR
KHOS JLYH JUDVVODQG UHVHDUFK SURJUDPPHV IRFXV
PRWLYDWLRQDQGPRPHQWXPDQGWRSXOO WRJHWKHU WKH
VWUDQGVRIZKDWLVDYHU\FRPSOH[V\VWHP1RZDGD\V
PRVW FUHGLEOH DJULFXOWXUDO UHVHDUFK SURJUDPPHV
KDYHDPRGHOOLQJGLPHQVLRQ$OHFUHFRJQLVLQJWKHVH
EHQH¿WV HDUO\ RQ JDYH VWHDG\ XQVSHFWDFXODU
VXSSRUWWRRXUPRGHOOLQJJURXSRIVRPHKDOIDGR]HQ
VFLHQWLVWV $VDQLFKHJURXSZLWKRXWDVWDQGDORQH
UDLVRQ G¶rWUH ZH ZHUH ODUJHO\ SURWHFWHG IURP WKH
EXUJHRQLQJ EXUHDXFUDWLVDWLRQ ZKLFK ZDV FDXVLQJ
PXFK IUXVWUDWLRQ HOVHZKHUH  :H EHJDQ TXLFNO\ WR
ZRUN ZLWK VFLHQWLVWV IURP RWKHU GHSDUWPHQWV DQG
RXU HIIRUWV ZHUH KHOSHG E\ VRPH H[FHOOHQW YLVLWLQJ
VFLHQWLVWV$IWHUVRPHWHQ\HDUVYDULRXVDVSHFWVRI
WKHPRGHOOLQJSURJUDPPHZHUHSXOOHGWRJHWKHULQWKH
+XUOH\ 3DVWXUH 0RGHO ZKLFK KDV VHHQ FRQWLQXHG
GHYHORSPHQW DQG XVH 7KH PRGHO KDV EHHQ
DGDSWHGWUDQVODWHGDQGXVHGE\VFLHQWLVWVHOVHZKHUH
LQWKHZRUOG,Q&$%,QWHUQDWLRQDOLQ:DOOLQJIRUG
SXEOLVKHGDGHWDLOHGDFFRXQWRIWKHPRGHO,QWHUHVWLQJO\
WKH PRGHO VWLOO KDV UHOHYDQFH EHFDXVH FKDQJHV LQ
UHVHDUFK PDQDJHPHQW HPSKDVLVH WKH VKRUWWHUP
DQGWDNLQJDQLQWHOOHFWXDOSRVLWLRQKRZHYHUFDUHIXOO\
DUJXHG GRHV QRW ¿QG V\PSDWK\ 7KLV JLYHV DQ
HQYLURQPHQWLQZKLFKORQJWHUPSURMHFWVVXFKDVDQ
HFRV\VWHPPRGHOFDQQRWHDVLO\EHGRQH
-RKQ7KRUQOH\+XUOH\±

TXDQWLW\RIKHUEDJHFRQVXPHGE\WKHJUD]LQJDQLPDOVHTXLYDOHQWWRQHWKHUEDJHDFFXPXODWLRQ
ZDV IRXQG WR EH JUHDWHVW LQ VZDUGV PDLQWDLQHG DW DQ LQWHUPHGLDWH /$, 7RQ\ 3DUVRQV DQG
,DQ -RKQVRQ H[WHQGHG WKLV UHVHDUFK E\ PRGHOOLQJ WKH SUHGLFWHG QHW KHUEDJH DFFXPXODWLRQ
IRU FRQWLQXRXVO\ VWRFNHG DQG LQWHUPLWWHQWO\ VWRFNHG VZDUGV PDQDJHG WR GLIIHUHQW FULWHULD
7KH UHVXOWV LQGLFDWHG WKDW ZKHQ VZDUGV KDG VLPLODU PHDQ /$, QHW KHUEDJH DFFXPXODWLRQ
ZDV±JUHDWHUZLWKLQWHUPLWWHQWWKDQFRQWLQXRXVVWRFNLQJ
5HVHDUFKE\7RQ\3DUVRQV5REHUW2UUDQG3HWHU3HQQLQJDOVRGHPRQVWUDWHGWKDWZLWKLUULJDWHG
VZDUGV FRQWLQXRXVO\ VWRFNHG E\ VKHHS WR PDLQWDLQ D ORZ VZDUG KHLJKW RU /$, WKH VHDVRQDO
SDWWHUQ RI SURGXFWLRQ ¿WWHG WKH SDWWHUQ RI LQFRPLQJ UDGLDWLRQ ZLWK WKH SHDN RFFXUULQJ LQ PLG
VXPPHU7KLVZDVDVVRFLDWHGZLWKWKHKDUGJUD]LQJLQVSULQJZKLFKVXSSUHVVHGWKHH[SUHVVLRQRI
ÀRZHULQJLQWKHVHVZDUGVDQGWKHQWKHOHDYHVGHYHORSHGLQJRRGOLJKWFRQGLWLRQVWKURXJKRXWWKH
JURZLQJVHDVRQ
5HVSRQVHWRQLWURJHQIHUWLOLVHU(DUO\UHVHDUFKZLWKFXWVZDUGVHVWDEOLVKHGSRVLWLYHUHVSRQVHV
LQ JUDVV SURGXFWLRQ ZLWK LQFUHDVH LQ VHDVRQDO UDWH RI QLWURJHQ DSSOLFDWLRQ XS WR ± NJ
QLWURJHQKD)RUPDQ\\HDUVLQFUHDVHVLQQLWURJHQDSSOLFDWLRQWRJHWKHUZLWKLQFUHDVHVLQVWRFNLQJ
UDWH SRZHUHG LQFUHDVH LQ RXWSXW IURP JUDVVODQG RQ IDUPV ZLWK XWLOLVHG RXWSXW FDOFXODWHG WR
LQFUHDVHE\DURXQGSHU\HDUIURP±&RQVLGHUDEOHHIIRUWZDVGHYRWHGWRTXDQWLI\LQJ
UHVSRQVHWRQLWURJHQLQGLIIHUHQWVLWXDWLRQVDQGWRUH¿QHIHUWLOLVHUDGYLFHWRIDUPHUVµ7(¶:LOOLDPV
DQG -RKQ 0RUULVRQ OHG D VHULHV RI H[SHULPHQWV FRQGXFWHG MRLQWO\ ZLWK $'$6 DQG RWKHU
RUJDQLVDWLRQVDWVLWHVWKURXJKRXW*UHDW%ULWDLQ WKH*UDVVODQG0DQXULQJ*0H[SHULPHQWV
7KHVHZHUHFDUULHGRXWZLWKGLIIHUHQWFXWWLQJ UHJLPHVDQGRQDPRUH OLPLWHGQXPEHURIVLWHV
ZLWKJUD]LQJ7KHRSWLPDOUDWHRIDSSOLFDWLRQZDVVKRZQWRLQFUHDVHZLWKLQFUHDVHGVRLOPRLVWXUH
VXSSO\DVGHWHUPLQHGE\ZDWHUKROGLQJFDSDFLW\RIWKHVRLODQGVXPPHUUDLQIDOO7KLVSURYLGHG
WKHEDVLVIRUVLWHFODVVL¿FDWLRQDQGZDVLQFRUSRUDWHGLQWRWKH5%)HUWLOLVHU5HFRPPHQGDWLRQV
SXEOLVKHGE\0$))DQG$'$6DQG LQ0LON IURP*UDVVSXEOLVKHGZLWK ,&,7KHUHZHUHJUHDWHU
SUREOHPVLQHVWDEOLVKLQJUHVSRQVHVWRQLWURJHQIHUWLOLVHUZLWKJUD]LQJWKDQZLWKFXWWLQJEXW'LFN
%DNHUHYROYHGDQDSSURSULDWHSURWRFRODQGFRRUGLQDWHGWKH*0H[SHULPHQWVFDUULHGRXWDW¿YH
VLWHV5HVSRQVHVWRDGGHGIHUWLOLVHUZHUHJHQHUDOO\VPDOOHUZLWKJUD]LQJWKDQFXWWLQJWKLVEHLQJ
DWWULEXWHGWRPXFKRIWKHQLWURJHQEHLQJUHWXUQHGWR
WKHJUD]HGVZDUGLQIDHFHVDQGXULQH
7KH *0 H[SHULPHQWV H[SORUHG WKH SRVVLELOLW\ RI
SURGXFLQJ D PRUH HYHQ SURGXFWLRQ SDWWHUQ E\
DGMXVWLQJWKHVHDVRQDOSDWWHUQRIQLWURJHQIHUWLOLVHU
&RQVLGHUDEOH ÀH[LELOLW\ ZDV GHPRQVWUDWHG ZLWK D
SDWWHUQ LQYROYLQJ PRUH DSSOLFDWLRQ LQ PLGVHDVRQ
WKDQ HDUO\ VHDVRQ UHVXOWLQJ LQ PXFK PRUH HYHQ
SURGXFWLRQ ZLWK QR VDFUL¿FH LQ DQQXDO \LHOG
5HVHDUFK DW 1RUWK :\NH FRQ¿UPHG WKDW WKLV
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-RKQ0RUULVRQGHVFULELQJKLVH[SHULPHQWVWR0LFKDHO
*ULI¿WK&RXQFLO0HPEHURI$)5&ZLWK-RH*UHHQDQG
5RJHU:LONLQVLQDWWHQGDQFHWKHLQIDPRXV5DGDU+XW
LVMXVWYLVLEOHLQWKHEDFNJURXQG

DSSURDFKFRXOGEHHIIHFWLYHZLWKJUD]LQJDVZHOODVZLWKFXWWLQJ
:DWHUVXSSO\,UULJDWLRQZDVH[WHQVLYHO\VWXGLHGDW+XUOH\E\7HG*DUZRRGDQG:DOWHU6WLOHV
$W +XUOH\ LUULJDWLRQ LQFUHDVHG DYHUDJH VHDVRQDO KHUEDJH SURGXFWLRQ E\  DQG UHVXOWHG LQ
PXFKPRUHSUHGLFWDEOHSURGXFWLRQLQPLGVHDVRQ5HGXFHG\LHOGVLQGU\FRQGLWLRQVDURVHIURPD
FRPELQDWLRQRIWKHGLUHFWHIIHFWRIZDWHUVWUHVVDQGUHGXFHGDYDLODELOLW\RIQLWURJHQWRWKHSODQW
ZKHQWKHVRLOVXUIDFHOD\HUVZHUHGU\$V\VWHPRISDUWLDOLUULJDWLRQZDVGHYLVHGLQZKLFKZDWHUZDV
VXSSOLHGE\LUULJDWLRQDWRQO\KDOIWKHUDWHUHTXLUHGWRFRPSOHWHO\DOOHYLDWHZDWHUGH¿FLHQF\7KLV
UHVXOWHGLQVXEVWDQWLDOLQFUHDVHVLQSURGXFWLRQFRPSDUHGZLWKQRQLUULJDWHGFRQGLWLRQVEXWZLWKOHVV
ZDWHUXVHDQGORZHUFRVWWKDQZLWKIXOOLUULJDWLRQ+RZHYHULUULJDWLRQZDVVWLOODFRVWO\RSHUDWLRQDQG
HFRQRPLFDQDO\VLVFDUULHGRXWE\&KULV'R\OHLQGLFDWHGWKDWWKHUHZHUHRQO\IHZVLWXDWLRQVLQZKLFK
JUDVVODQGLUULJDWLRQZRXOGEHHFRQRPLF$WWHQWLRQVKLIWHGWRWKHVHDUFKIRUJUDVVHVWKDWZRXOGPDNH
PRUHHI¿FLHQWXVHRIVRLOPRLVWXUH7HG*DUZRRGGHPRQVWUDWHGWKHVXSHULRULW\RIWDOOIHVFXHRYHUD
QXPEHURIRWKHUVSHFLHVLQFOXGLQJSHUHQQLDOU\HJUDVVLQWKLVUHVSHFWZLWKWKHDGYDQWDJHDULVLQJIURP
WKHJUHDWHUURRWGHSWKZLWKWDOOIHVFXHH[SORLWLQJDJUHDWHUUHVHUYRLURIVRLOZDWHU7KLVDGYDQWDJHLV
QRZZLGHO\UHFRJQLVHGDQGHIIRUWVWRLQFRUSRUDWHJHQHVIURPWDOOIHVFXHWRJLYHEHWWHUSHUIRUPDQFH
RIU\HJUDVVLQGU\FRQGLWLRQVKDYHEHFRPHDQLPSRUWDQWIRFXVRIEUHHGLQJUHVHDUFKLQ$EHU\VWZ\WK
7KHHIIHFWVRIH[FHVVZDWHURQJUDVVODQGSURGXFWLRQDQGXWLOLVDWLRQZHUHDPDMRUDVSHFWRIHDUO\
UHVHDUFK DW 1RUWK:\NH FDUULHG RXW E\ 7HG*DUZRRG DQG$GULDQ$UPVWURQJ $'$6 ,W ZDV
KRZHYHUIRXQGWKDWZLWKDPDQDJHPHQWSURWRFROWKDWDYRLGHGJUD]LQJLQFRQGLWLRQVRIH[FHVVLYH
VRLOPRLVWXUH DQGDELJSRDFKLQJ ULVN LQ VSULQJDQGDXWXPQGUDLQDJH UHVXOWHG LQRQO\D
LQFUHDVHLQKHUEDJHSURGXFWLRQDQGDQLQFUHDVHLQDQLPDOSURGXFWLRQ7KHUHZHUHKRZHYHU
ODUJHHIIHFWVRQVRLOPRLVWXUHFRQWHQWVRLOQXWULHQWVDQGWKHHQYLURQPHQWDVGLVFXVVHGODWHU
3HVWVDQGGLVHDVHV5HVHDUFKDW+XUOH\LQWKLVDUHDZDVOHGE\-DFN+HDUGDQG%RE&OHPHQWV
DQGWKHLQLWLDOZRUNZDVFDUULHGRXW LQFORVHFROODERUDWLRQZLWK5RWKDPVWHG7KHLPSRUWDQFHRI
U\HJUDVVPRVDLFYLUXVSDUWLFXODUO\LQ,WDOLDQU\HJUDVVZDVFRQ¿UPHG7KHPHWKRGRIWUDQVPLVVLRQ
ZDV HVWDEOLVKHG DQG ,WDOLDQ U\HJUDVV SODQWV ZLWK UHVLVWDQFH WR U\HJUDVV PRVDLF YLUXV ZHUH
LGHQWL¿HG DQG XVHG VXEVHTXHQWO\ LQ EUHHGLQJ
SURJUDPPHVDW$EHU\VWZ\WK
%RE &OHPHQWV VWXGLHG WKH LPSDFW RI SHVWV DQG
GLVHDVHV RQ SURGXFWLRQ E\ FRPSDULQJ SURGXFWLRQ
IROORZLQJDSSOLFDWLRQRIEURDGVSHFWUXPFKHPLFDOV
WR HOLPLQDWH SHVWV DQG SDWKRJHQV ZLWK WKDW IURP
FRQWUROSORWV3RVLWLYHUHVSRQVHVZHUHIRXQGLQERWK
VRZQDQGSHUPDQHQWVZDUGVZLWK\LHOGLQFUHDVHV
RIWHQ DSSURDFKLQJ  5HVSRQVHV ZHUH
SDUWLFXODUO\PDUNHGZLWK,WDOLDQU\HJUDVVDQGZHUH
DWWULEXWHG WR WKHFRQWURORI IULWÀ\ LQIHVWDWLRQ:LWK
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/DUYDRIIULWÀ\RQ,WDOLDQU\HJUDVV

SHVWLFLGH WUHDWPHQW \LHOGV RI ,WDOLDQ U\HJUDVV ZHUH VXVWDLQHG IRU XS WR IRXU \HDUV ZKHUHDV
ZLWKRXWWUHDWPHQW\LHOGVZHUHH[WUHPHO\VPDOOE\WKHWKLUG\HDU
6XEVHTXHQWO\%RE&OHPHQWVDQG*UDKDP/HZLVWXUQHGWKHLUDWWHQWLRQWRSHVWVDQGGLVHDVHVRI
VHHGOLQJJUDVVHV)ULWÀ\ODUYDHZHUHIRXQGWREHUHVSRQVLEOHIRUWKHORVVRIDODUJHSURSRUWLRQ
RIU\HJUDVVVHHGOLQJVHVSHFLDOO\LQVZDUGVVRZQLQWKHHDUO\DXWXPQ6LPSOHDQGVWUDLJKWIRUZDUG
FRQWUROPHDVXUHVXVLQJDQLQVHFWLFLGHZHUHGHYHORSHGZLWK,QGXVWU\DQGHIIHFWLYHSHVWDYRLGDQFH
VWUDWHJLHV ZHUH DOVR IRXQG WKDW GLG QRW UHTXLUH WKH XVH RI FKHPLFDOV 6RLOERUQH GLVHDVHV
SULQFLSDOO\ )XVDULXPZHUH DOVR VKRZQ WR NLOO PDQ\ VHHGOLQJV 3UDFWLFDO DYRLGDQFH VWUDWHJLHV
DQGDGYLFHZHUHUHVHDUFKHGDQGGHYHORSHG$QHQGRSK\WLFIXQJDOLQIHFWLRQRIU\HJUDVVZDVDOVR
UHVHDUFKHG,Q1HZ=HDODQGWKHVDPHIXQJXVZDVXVHGWRFRQWUROFHUWDLQVZDUGSHVWVDQGDOVR
LQFUHDVHGJUDVVGURXJKWUHVLVWDQFHEXWQRODUJHEHQH¿WVZHUHIRXQGKHUH
6ZDUGDJH 7KHPDLQ IRFXVRI UHVHDUFKDW+XUOH\ZDVRQ WKHPDQDJHPHQWDQGXWLOLVDWLRQRI
VRZQJUDVVODQG.HQ7\VRQKRZHYHUVWXGLHGWKHSURGXFWLRQRIDPL[HGJUDVVOHJXPHVZDUGIRU
D\HDUSHULRGIROORZLQJVRZLQJLQWRDQROGDUDEOH¿HOGZLWKOLWWOHVRLORUJDQLFPDWWHU3URGXFWLRQ
GHFOLQHG IRU WKH¿UVW±\HDUVDVVRFLDWHGZLWKPRYHPHQWRIQLWURJHQ LQWRVRLORUJDQLFPDWWHU
7KHUHZDVWKHQDUHFRYHU\LQ\LHOGZLWKSURGXFWLRQIURPWKHWHQWKWRWKLUWLHWK\HDUYDU\LQJZLWK
VXPPHUUDLQIDOOEXWVKRZLQJQRORQJWHUPWUHQG([SHULPHQWVFDUULHGRXWE\$ODQ6PLWKZLWKODUJH
IHUWLOLVHULQSXWVZLWKFXWWLQJDQGJUD]LQJVKRZHGOLWWOHHIIHFWRIVZDUGDJHRQJUDVVRXWSXWXSWR
VHYHQ\HDUVWKHROGHVWDJHH[DPLQHG
$ODQ+RSNLQVOHGDMRLQWVWXG\ZLWK$'$6RQSURGXFWLRQIURPSHUPDQHQWVZDUGVFRPSDUHGZLWK
UHVHHGVRISHUHQQLDO U\HJUDVVDWVLWHV WKURXJK(QJODQGDQG:DOHVDWD UDQJHRIQLWURJHQ
IHUWLOLVHUDSSOLFDWLRQUDWHV:KLOVWSURGXFWLRQLQWKH¿UVW\HDUDIWHUVRZLQJZDVFRQVLGHUDEO\JUHDWHU
IRU WKH VRZQ VZDUGV LQ VXEVHTXHQW \HDUV WKHUH ZHUH RQO\ VPDOO GLIIHUHQFHV LQ SURGXFWLRQ
EHWZHHQWKHVZDUGW\SHVZLWKDQDGYDQWDJHRQDYHUDJHRIIRUWKHSHUPDQHQWVZDUGZLWK
NJQLWURJHQKDDQGDQDGYDQWDJHRIVLPLODUPDJQLWXGHWRWKHVRZQVZDUGDWNJQLWURJHQ
KD 5HVHDUFK DW 1RUWK:\NH XVLQJ JUD]LQJ FDWWOH FRQ¿UPHG WKH ODUJH SURGXFWLRQ SRWHQWLDO RI
SHUPDQHQWJUDVVODQGZLWKDQLPDORXWSXWSHUKHFWDUHZLWKDNJIHUWLOLVHUQLWURJHQDSSOLFDWLRQ
EHLQJRQO\JUHDWHURQUHVHHGHGVZDUGVWKDQRQSHUPDQHQWVZDUGVRYHUD¿YH\HDUSHULRG
7KLV SURJUDPPH GLG PXFK WR LQFUHDVH FRQ¿GHQFH LQ WKH SURGXFWLRQ SRWHQWLDO RI SHUPDQHQW
VZDUGVSURYLGHGWKDWSODQWQXWULHQWGH¿FLHQFLHVDUHHOLPLQDWHGDQGDVRXQGJUD]LQJRUFXWWLQJ
PDQDJHPHQWLVSUDFWLFHG
:KLWH&ORYHUDQG2WKHU/HJXPHV
)RUDJHOHJXPHVKDYHEHHQVWXGLHGWKURXJKRXWWKH\HDUSHULRGEXWWKHIRFXVRQOHJXPHVKDV
YDULHGRYHUWKLVSHULRG0XFKRIWKHHDUO\ZRUNDW'UD\WRQDQG+XUOH\XVHGPL[HGVZDUGVRIJUDVV
DQGZKLWHFORYHUDQGOXFHUQHZDVSURPLQHQWLQWKHHDUO\FURSSLQJDW+XUOH\+RZHYHUGXULQJWKH
VDQGHDUO\VWKHDFFHQWZDVYHU\PXFKRQSURGXFWLRQIURPSXUHJUDVVVZDUGVUHFHLYLQJ
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ODUJH IHUWLOLVHUQLWURJHQ DSSOLFDWLRQ UDWHV 5HVHDUFK LQWHUHVW LQ OHJXPHVZDV VXVWDLQHG ODUJHO\
EHFDXVHRI WKHH[FHOOHQWUDWHVRIDQLPDOSHUIRUPDQFHDFKLHYHGZLWK OHJXPHVGHPRQVWUDWHGDW
+XUOH\ UDWKHU WKDQEHFDXVHRI WKHFRQWULEXWLRQRI WKH OHJXPH WR WKHQLWURJHQHFRQRP\RI WKH
VZDUG+RZHYHU LQFUHDVLQJFRQFHUQRQ WKHKLJKHQHUJ\ LQSXWV LQ V\VWHPVEDVHGRQQLWURJHQ
IHUWLOLVHU OHG WR UHVXUJHQFH LQDJURQRPLFDQGSK\VLRORJLFDO UHVHDUFKRQ OHJXPHV IURP WKH ODWH
VDPRYHWKDWZDVUHLQIRUFHGRQWKHDSSRLQWPHQWRI$OHF/D]HQE\DV'LUHFWRU7KHPDLQ
OHJXPHVWXGLHGKDVEHHQWKHVWRORQLIHURXVZKLWHFORYHU IRUXVH LQJUD]LQJEDVHGV\VWHPVEXW
VXEVWDQWLDO UHVHDUFKKDVDOVREHHQFDUULHGRXWZLWK WKHHUHFW OHJXPHVUHGFORYHU OXFHUQHDQG
VDLQIRLQWKDWDUHEHWWHUVXLWHGWRFXWWLQJV\VWHPV
<LHOG SRWHQWLDO DQG VHDVRQDO GLVWULEXWLRQ  5HVHDUFK DW +XUOH\ ZDV H[WHQGHG E\ -RKQ
0RUULVRQ LQ PXOWLVLWH H[SHULPHQWV FDUULHG RXW LQ FROODERUDWLRQ ZLWK $'$6 RQ WKH \LHOG DQG
VHDVRQDOGLVWULEXWLRQRI\LHOGRIZKLWHFORYHUEDVHGVZDUGV2QDYHUDJHJUDVVZKLWHFORYHUVZDUGV
ZLWKRXWQLWURJHQIHUWLOLVHUJDYH\LHOGVVLPLODUWRWKRVHRISXUHJUDVVVZDUGVZLWKNJQLWURJHQ
KD$OWKRXJK\LHOGVZHUHPRUHYDULDEOHZLWKWKHPL[HGVZDUGVWKDQZLWKSXUHJUDVVWKHUHZHUH
QRV\VWHPDWLFGLIIHUHQFHVEHWZHHQSDUWVRIWKHFRXQWU\7KHUHZDVDFORVHUHODWLRQVKLSEHWZHHQ
WKH\LHOGRIWKHPL[HGVZDUGDQGLWVFRQWHQWRIFORYHU$SSOLFDWLRQRIQLWURJHQIHUWLOLVHUWRWKHPL[HG
VZDUGVSURGXFHGVPDOO LQFUHDVHV LQ\LHOGZLWKGHSUHVVLRQ LQ WKHFRQWULEXWLRQIURPFORYHU7KH
FRPPHQFHPHQWRIJURZWKLQVSULQJZDVZHOOUHFRJQLVHGWREHODWHUZLWKFORYHUWKDQZLWKJUDVVHV
EXW SURYLGHG WKHUHZDVJRRG VXSSO\ RIPRLVWXUH LWZDV VKRZQ WKDW JUDVVFORYHU VZDUGVJDYH
PRUHHYHQSURGXFWLRQRYHUWKHPDLQJURZLQJVHDVRQWKDQVZDUGVRIJUDVVZLWKQLWURJHQIHUWLOLVHU
+RZHYHUZKLWHFORYHULVVHQVLWLYHWRGU\FRQGLWLRQVDQGYHU\UHVSRQVLYHWRLUULJDWLRQVRWKDWWKH
JRRG VHDVRQDO GLVWULEXWLRQ RI \LHOG DSSOLHG SDUWLFXODUO\ WR WKHZHWWHU SDUWV RI WKH FRXQWU\7KH
SRVVLELOLW\ RI H[WHQGLQJ WKH JURZLQJ VHDVRQ E\
DSSOLFDWLRQ RI QLWURJHQ IHUWLOLVHU LQ VSULQJ ZDV
H[DPLQHGEXWJHQHUDOO\DQ\QLWURJHQDSSOLFDWLRQ
DOWKRXJKVWLPXODWLQJJUDVVSURGXFWLRQZDVVKRZQ
WR EH SUHMXGLFLDO WR IXWXUH FORYHU SURGXFWLRQ
0XFK HIIRUW KDV KRZHYHU EHHQ GHYRWHG DW
$EHU\VWZ\WK WR EUHHGLQJ ZKLWH FORYHU YDULHWLHV
WKDW DUH PRUH FRPSHWLWLYH ZLWK JUDVV LQ WKH
SUHVHQFH RI QLWURJHQ IHUWLOLVHU DQG VRPH RI WKH
FXUUHQWO\DYDLODEOHYDULHWLHVPD\ZHOOJLYHGLIIHUHQW
UHVXOWV
7KH SURGXFWLRQ IURP VZDUGV RI UHG FORYHU DQG OXFHUQHZDV VKRZQ E\ -LP&RUUDOO DQG5RJHU
6KHOGULFNWRPDWFKWKDWIURPJUDVVUHFHLYLQJODUJHUDWHVRIDSSOLHGQLWURJHQZKHQRQO\WKUHHFXWV
ZHUHWDNHQDQQXDOO\PRUHIUHTXHQWFXWWLQJRIWKHVHOHJXPHVUHVXOWHGLQODUJHUHGXFWLRQVLQ\LHOG
DQGSHUVLVWHQFH$VZLWKWKHPDMRUJUDVVVSHFLHVYDOXDEOHLQIRUPDWLRQZDVREWDLQHGRQFKDQJHV
LQ\LHOGDQGGLJHVWLELOLW\RIIRUDJHOHJXPHVGXULQJWKH\HDUDQGDVWKHVSHFLHVPDWXUHG5RJHU
:LONLQVOHGD(XURSHDQ8QLRQIXQGHGSURMHFWRQWKHSURGXFWLRQRIOHJXPHVDQGWKHLUXWLOLVDWLRQ
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SHRSOHRYHUPDQ\\HDUV
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DVVLODJH0XOWLVLWHH[SHULPHQWV WKURXJKQRUWKHUQ(XURSHFRQ¿UPHG WKHZLGHDGDSWDELOLW\DQG
ODUJH\LHOGVRIUHGFORYHUDQGH[FHOOHQWSHUIRUPDQFHRIOXFHUQHRQVRPHVLWHVLQFOXGLQJDIUHHO\
GUDLQHGVRLODW1RUWK:\NH,WZDVFDOFXODWHGWKDWWKHFRVWRISURGXFWLRQRIPHWDEROLVDEOHHQHUJ\
LQ VLODJH ZDV PDUNHGO\ VPDOOHU IRU UHG FORYHU
OXFHUQH DQG PL[HG JUDVVFORYHU VZDUGV WKDQ IRU
JUDVVZLWKQLWURJHQIHUWLOLVHU$QDGGHGDGYDQWDJHRI
OXFHUQHLVDGHHSURRWLQJV\VWHPPHDQLQJWKDWWKLV
VSHFLHVUDUHO\VXIIHUVIURPGURXJKW LQ%ULWDLQ5HG
FORYHUZDVDOVR OHVVDIIHFWHGE\GURXJKW WKDQ WKH
JUDVVHV5HGFORYHUDQGOXFHUQHDUHQRWZHOODGDSWHG
WR JUD]LQJ EXW UHVHDUFK E\ $ODQ +RSNLQV DQG
$QGUHZ 5RRN DW 1RUWK :\NH LQGLFDWHG SRWHQWLDO
IRU XVH RI ELUG¶V IRRW WUHIRLO DV DQ DOWHUQDWLYH WR
ZKLWH FORYHU DV D JUD]LQJ OHJXPH SDUWLFXODUO\ LQ
FRQGLWLRQVRISRRUIHUWLOLW\DQGH[WHQVLYHJUD]LQJ
/HJXPHSK\VLRORJ\ $PDMRUHIIRUWRQ OHJXPHSK\VLRORJ\FRPPHQFHG LQ WKHPLGVDQG
FHQWUHGRQZKLWHFORYHUDQG LWVFRPSHWLWLRQZLWKJUDVV:KLWHFORYHUZDVZLGHO\FRQVLGHUHGWR
EHXQUHOLDEOHDWWKHIDUPVFDOHDQGZDVWKRXJKWWRVXIIHUIURPVKDGLQJE\JUDVVHV5HVHDUFKE\
-DQH:ROHGJHLQWKHVKRZHYHUGHPRQVWUDWHGWKDWZLWKWKHFRPPRQO\XVHGYDULHW\%ODQFD
FORYHUOHDYHVZHUHJHQHUDOO\SUHVHQWWRZDUGVWKHWRSRIWKHFDQRS\RIDPL[HGVZDUGDQGZLWK
WKHLUKRUL]RQWDOGLVSRVLWLRQZHUHEHWWHUDEOH WRFDSWXUH LQFRPLQJ UDGLDWLRQ WKDQZHUH WKHPRUH
YHUWLFDOO\RULHQWHGJUDVVOHDYHV7KHHIIHFWRIOLJKWRQFRPSHWLWLRQLQPL[HGVZDUGVZDVFODUL¿HGE\
UHVHDUFKDW$EHU\VWZ\WKZKLFKGHPRQVWUDWHGWKDWWKHGHYHORSPHQWDQGEUDQFKLQJRIZKLWHFORYHU
VWRORQVZDVUHGXFHGZLWKUHGXFWLRQLQWKHTXDQWLW\RIOLJKWSHQHWUDWLQJWRWKHEDVHRIWKHVZDUG
&RQVLGHUDEOHDWWHQWLRQZDVJLYHQWRWKHQLWURJHQ¿[DWLRQSURFHVV*HRUJH5\OHIRFXVVHGRQWKH
HQHUJHWLFVRIWKHSURFHVVDQGKLVUHVXOWVKLJKOLJKWHGWKHHQHUJ\FRVWVRI¿[DWLRQWKDWDPRXQWHG
WRVRPH±RI WKHWRWDOQHWSKRWRV\QWKDWHSURGXFHGE\WKHSODQW5HVSLUDWLRQUDWHVZHUH
VKRZQWREHH[FHSWLRQDOO\ODUJHLQWKHQRGXOHVRIDZLGHUDQJHRIOHJXPHVDQGLWEHFDPHFOHDU
WKDWWKLVZDVRQHRIWKHUHDVRQVIRUWKHORZHUSURGXFWLRQRIZKLWHFORYHUWKDQRIJUDVV
-RKQ6KHHK\DQG)UDQN0LQFKLQVWXGLHG WKH UHODWLRQVKLS LQ WKH¿HOGEHWZHHQSKRWRV\QWKHVLV
UHVSLUDWLRQ DQG QLWURJHQ ¿[DWLRQ DQG GHYHORSHGPRGHOV RI WKHVH SURFHVVHV7KH\ KLJKOLJKWHG
WKH LPSRUWDQFHRIGLIIXVLRQUHVLVWDQFHRI WKHQRGXOHV WRR[\JHQDQGGLGPXFKWRHVWDEOLVK WKH
QDWXUHRIWKHEDUULHULQWKHQRGXOHWRR[\JHQGLIIXVLRQ7KH\FRQFOXGHGWKDW¿[DWLRQZDVJRYHUQHG
E\SKRWRV\QWKDWHVXSSO\DQG WKHUDWHRIR[\JHQVXSSO\ WR WKH¿[LQJEDFWHURLGV7KLV UHVHDUFK
FHDVHGDW+XUOH\ LQZLWKWKHWUDQVIHURI)UDQN0LQFKLQDQG7RQ\*RUGRQWR$EHU\VWZ\WK
IROORZLQJ D GHFLVLRQ E\ WKH 5HVHDUFK &RXQFLO WR FRQVROLGDWH ZRUN LQ WKLV DUHD DW WKDW VLWH
6XVDQQH6FKZLQQLQJDQG7RQ\3DUVRQVDW1RUWK:\NHPDGHDPDMRUEUHDNWKURXJKE\SURGXFLQJ
DPRGHOWKDWSUHGLFWHGFKDQJHVLQWKHFRPSRVLWLRQRIDPL[HGJUDVVFORYHUVZDUGERWKVSDWLDOO\
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DQG WHPSRUDOO\ 7KLV ZDV GULYHQ E\ QLWURJHQ G\QDPLFV DQG KLJKOLJKWHG SDWFK HIIHFWV DQG WKH
F\FOLFDO QDWXUH RI VZDUG FRPSRVLWLRQ (VVHQWLDOO\ LQ DQ DUHD ZLWK ORZ VRLO QLWURJHQ VXSSO\
FORYHULVDWDFRPSHWLWLYHDGYDQWDJHRYHUJUDVVDQGZLOOSUROLIHUDWHLQWKDWDUHD+RZHYHUUDWHVRI
¿[DWLRQZLOO WKHQEH ODUJHDQG WKLVDUHDZLOO EH WUDQVIRUPHG WRRQHRI LQFUHDVHGVRLO QLWURJHQ
VKLIWLQJ WKHFRPSHWLWLYHDGYDQWDJH WR WKHJUDVVDQGZLWK WKLVD UHGXFWLRQ LQQLWURJHQVXSSO\ WR
IDYRXUUHGHYHORSPHQWRIFORYHU7KHGHSRVLWLRQRIXULQHSURGXFLQJSDWFKHVZLWKODUJHQLWURJHQ
FRQWHQWV ZDV VKRZQ WR KDYH D PDMRU HIIHFW RQ QLWURJHQ F\FOLQJ DQG G\QDPLFV DQG VZDUG
FRPSRVLWLRQLQJUD]HGVZDUGV
/HVVZRUNZDVFDUULHGRXWRQ WKHSK\VLRORJ\RI WKHHUHFW OHJXPHVEXW-RKQ6KHHK\DQG ,DQ
:RRGZDUG VWXGLHG WKH JURZWK RI OXFHUQH LQ WKH ¿HOG ZLWK DVVHVVPHQWV RI SKRWRV\QWKHVLV
UHVSLUDWLRQDQGPLFURFOLPDWHLQWKHJURZWKFDQRS\7KLVZDVH[WHQGHGLQZRUNZLWK6XH3RSSOH
WR FRPSDUH VDLQIRLQ ZLWK OXFHUQH 'HVSLWH OHDI SKRWRV\QWKHWLF UDWHV EHLQJ VLPLODU IRU WKH WZR
VSHFLHV VDLQIRLQ ZDV FRQVLVWHQWO\ ORZHU \LHOGLQJ 7KLV DURVH IURP D FRPELQDWLRQ RI ODUJHU
UHVSLUDWRU\ ORVVHV DVVRFLDWHG ZLWK QLWURJHQ ¿[DWLRQ DQG OHVV IDYRXUDEOH SDWWHUQ RI DVVLPLODWH
XWLOLVDWLRQOHDGLQJWROHDYHVRIJUHDWHUWKLFNQHVVEXWRIDVPDOOHUDUHDJLYLQJOHVVOLJKWLQWHUFHSWLRQ
DQGUHGXFHGFDQRS\SKRWRV\QWKHVLV
.H\2XWSXWV
.H\RXWSXWVKDYHLQFOXGHG
 3URYLVLRQ RI XQGHUVWDQGLQJ RI WKH SK\VLRORJLFDO EDVLV RI VHDVRQDO GLIIHUHQFHV LQ JUDVV
 SURGXFWLRQ LQFOXGLQJ WKH LPSRUWDQFH RI WLOOHU G\QDPLFV OHDI SKRWRV\QWKHWLF HI¿FLHQF\
 DQGHIIHFWVRIWHPSHUDWXUHUDGLDWLRQDQGVRLOPRLVWXUH
 'HWDLOLQJFKDQJHVLQ\LHOGDQGTXDOLW\RIJUDVVHVDQGOHJXPHVGXULQJDQGEHWZHHQJURZWK
 F\FOHV
 4XDQWL¿FDWLRQ RI UHVSRQVHV WR QLWURJHQ IHUWLOLVHU ZLWK GLIIHUHQW VZDUG W\SHV DQG LQ
 FRQWUDVWLQJVLWXDWLRQVDQGLPSURYLQJUHFRPPHQGDWLRQVIRUIHUWLOLVHUXVH
 (VWDEOLVKLQJHIIHFWVRIERWKVKRUWDJHDQGH[FHVVRIZDWHURQJUDVVODQGSURGXFWLRQDQG
 XWLOLVDWLRQ
 (VWDEOLVKLQJHIIHFWVRISHVWVDQGGLVHDVHVRQSURGXFWLRQRIJUDVVHVDQG OHJXPHVDQG
 GHYHORSLQJPHWKRGVIRUFRQWURO
 4XDQWL¿FDWLRQRIWKHG\QDPLFVRIFDUERQXSWDNHXWLOLVDWLRQDQGORVVLQJUD]HGVZDUGVDQG
 SUHGLFWLQJHIIHFWVRIGLIIHUHQFHVLQJUD]LQJFRQWURORQQHWKHUEDJHDFFXPXODWLRQ
 &RQ¿UPDWLRQRI WKH ODUJHSURGXFWLRQSRWHQWLDORISHUPDQHQWJUDVVODQGZLWKERWKFXWWLQJ
 DQGJUD]LQJPDQDJHPHQW
 3URYLVLRQRIXQGHUVWDQGLQJRIWKHJURZWKSURGXFWLRQDQGSHUVLVWHQFHRIIRUDJHOHJXPHV
 JURZQ DORQH DQG LQPL[WXUHZLWK JUDVV DQG HODERUDWLRQ RIPDQDJHPHQW JXLGHOLQHV IRU
 HIIHFWLYHSURGXFWLRQDQGXWLOLVDWLRQRIFORYHUJUDVVVZDUGV
5RJHU:LONLQVDQG7HG/HDIH
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,QWURGXFWLRQ
7KHSKLORVRSK\GHYHORSHGDW+XUOH\DQGLQGHHGEHIRUHWKDWDW'UD\WRQZDVWKDWJUDVVSURGXFWLRQ
LV QRW DQ HQG LQ LWVHOI EXW ZDV RQO\ D VWHS WRZDUGV WKH RXWSXW RI DQLPDO SURGXFWV 7KH
$QQXDO5HSRUW([SHULPHQWVLQ3URJUHVVIRUWKH\HDUGHVFULEHVWHQH[SHULPHQWVLQZKLFK
DVVHVVPHQWV ZHUH PDGH RI DQLPDO SURGXFWLRQ E\ FDWWOH VKHHS DQG SRXOWU\ WRJHWKHU ZLWK
LQYHVWLJDWLRQVRQPHWKRGVRIPHDVXULQJKHUEDJHLQWDNHJUD]LQJEHKDYLRXUDQGWKHHIIHFWVRIFROG
VWRUDJHRIJUDVVRQGLJHVWLELOLW\
7KHVWURQJIRFXVRQJUDVVTXDOLW\DQGDQLPDOSURGXFWLRQZDVPDLQWDLQHGWKURXJKRXWWKHOLIHRI
+XUOH\DQGPXFKRIWKHHDUO\UHVHDUFKDW1RUWK:\NHZDVFRQFHUQHGZLWKDQLPDOSURGXFWLRQIURP
ORQJWHUPJUDVVODQG )ROORZLQJ WKHFORVXUHRI+XUOH\ UHVHDUFK LQ ,*(5RQIHHGPLFURELRORJ\
UXPLQDQWQXWULWLRQDQGDQLPDOSURGXFWLRQZDVWUDQVIHUUHGWR$EHU\VWZ\WKDQGWRQHZO\HVWDEOLVKHG
IDFLOLWLHVDW7UDZVJRHG5HVHDUFKRQJUD]LQJHFRORJ\ZDVWUDQVIHUUHGWR1RUWK:\NHEXWFHDVHG
LQ6HYHUDORIWKHVWDIIIURP+XUOH\WRRNXSDSSRLQWPHQWVDW&('$58QLYHUVLW\RI5HDGLQJ
WRFRQWLQXHUHVHDUFKRQUXPLQDQWQXWULWLRQDQGGDLU\SURGXFWLRQ
)UDQN5D\PRQGLGHQWL¿HGDWDQHDUO\VWDJHWKHPDLQFRPSRQHQWVGHWHUPLQLQJWKHQXWULWLYHYDOXH
RI JUDVVODQG IHHGV DV EHLQJ GLJHVWLELOLW\ LQWDNH DQG WKH HI¿FLHQF\ RI XWLOLVDWLRQ RI GLJHVWHG
QXWULHQWV SDUWLFXODUO\ QLWURJHQRXV FRQVWLWXHQWV DQG HQHUJ\ 7KLV IUDPHZRUN LV XVHG KHUH DQG
PDMRU ¿QGLQJV UHODWLQJ WR WKHVH FRPSRQHQWV RI QXWULWLYH YDOXH DUH RXWOLQHG IROORZHG E\
FRQVLGHUDWLRQRISURGXFWLRQHI¿FLHQF\IURPFRQVHUYHGDQGJUD]HGIRUDJHV
'LJHVWLELOLW\
5HVHDUFK DW 'UD\WRQ DQG +XUOH\ OHG E\ )UDQN 5D\PRQG GLG PXFK WR HVWDEOLVK DSSURSULDWH
PHWKRGRORJ\ IRU GHWHUPLQDWLRQ RI GLJHVWLELOLW\ LQ YLYR 7KLV JURXS SLRQHHUHG WKH IUHH]LQJ RI
KHUEDJH LQ TXDQWLWLHV DSSURSULDWH IRU WKHGDLO\ IHHGDOORFDWLRQRI LQGLYLGXDO VKHHS WKURXJK WKH
FRXUVH RI DQ H[SHULPHQW )UHH]LQJ ZDV VKRZQ QRW WR DIIHFW WKH GLJHVWLELOLW\ RI KHUEDJH DQG
WKLV IDFLOLWDWHG VWXGLHV RQ WKH TXDOLW\ RI KHUEDJH FXW RQ D SDUWLFXODU GDWH DQG JURZWK VWDJH
XQFRQIRXQGHGZLWKFKDQJH LQ WKHGHYHORSPHQWDOVWDJHRI WKHJUDVVRUFKDQJHVUHVXOWLQJIURP
HQVLOLQJ RU KD\PDNLQJ 'HVLJQ FULWHULD ZHUH ZRUNHG RXW IRU ODUJH FROG VWRUHV D NH\ IDFLOLW\
HVWDEOLVKHGGXULQJWKHHDUO\EXLOGLQJSURJUDPPHDW+XUOH\
,Q YLYR VWXGLHV XVLQJ VKHHSHVWDEOLVKHG FKDUDFWHULVWLF GLIIHUHQFHV EHWZHHQJUDVV DQG OHJXPH
VSHFLHV LQ GLJHVWLELOLW\ ZKLWH FORYHU ! U\HJUDVV ! FRFNVIRRW DQG FKDQJHV WKDW RFFXUUHGZLWK
PDWXULW\DQGVHDVRQ7KHUDSLGGURSLQGLJHVWLELOLW\XSWRGLJHVWLELOLW\XQLWVGD\DVJUDVVHV
PDWXUHG GXULQJ ¿UVW JURZWK ZDV KLJKOLJKWHG ZLWK WKLV GURS EHLQJ SDUWLFXODUO\ UDSLG DIWHU HDU
HPHUJHQFHLQVRPHYDULHWLHV7KHIDOOZLWKWLPHZDVVKRZQWREHPXFKVORZHULQUHJURZWKVZKHQ
+(5%$*(48$/,7<$1'87,/,6$7,21
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,Q9LWUR'LJHVWLELOLW\RI)RUDJH
1XWULWLRQLVWV KDYH ORQJ VRXJKW WR HVWLPDWH WKH
GLJHVWLELOLW\RI IRUDJHE\ LQFXEDWLQJDVDPSOHRI WKH
IRUDJHZLWKDFXOWXUHRIPLFURRUJDQLVPVWDNHQIURP
D UXPLQDQW DQLPDO JHQHUDOO\ D VKHHS +RZHYHU
ZKHQ LQ 0LNH 7LOOH\ 5RJHU 'HULD] DQG 5RQ
7HUU\WHVWHGDQXPEHURISXEOLVKHGSURFHGXUHVWKH\
IRXQGWKDWWKH\JDYHFRQVLVWHQWO\ORZHUHVWLPDWHVRI
GLJHVWLELOLW\ WKDQ ZKHQ WKH VDPH IRUDJHV ZHUH IHG
LQ YLYR WR VKHHS ZLWK WKH GLYHUJHQFH EHLQJ PRVW
PDUNHGZLWK IRUDJHRI KLJK GLJHVWLELOLW\ DQG SURWHLQ
FRQWHQW7KH\ DUJXHG WKDW WKLVZDV EHFDXVH WKH LQ
YLWUR GLJHVWLRQ VLPXODWHG RQO\ SDUW RI WKH UXPLQDQW
GLJHVWLYH SURFHVV DQG RPLWWHG WKH VXEVHTXHQW
HQ]\PLFGLJHVWLRQSDUWLFXODUO\RIPLFURELDOSURWHLQLQ
WKHUXPLQDQWKLQGJXW7KXVWKH\LQWURGXFHGDVHFRQG
VWDJH IROORZLQJ WKH KRXU GLJHVWLRQ ZLWK UXPHQ
PLFURRUJDQLVPV ZLWK D IXUWKHU KRXU GLJHVWLRQ
ZLWK DFLG SHSVLQ 7KH\ IRXQG D UHPDUNDEO\ FORVH
DJUHHPHQW EHWZHHQ WKLV WZRVWDJH SURFHGXUH
DQGWKHGLJHVWLELOLW\RIWKHVDPHIRUDJHVIHGLQYLYRRI
SDUWLFXODULPSRUWDQFHZLWKIRUDJHVRIKLJKGLJHVWLELOLW\
DQGSURWHLQFRQWHQW
7KLV WHFKQLTXHZDV UDSLGO\ DGRSWHGZRUOGZLGH DQG
RSHQHGXSQHZSRVVLELOLWLHVIRUSUHFLVHHVWLPDWLRQRI
GLJHVWLELOLW\IRUDGYLVRU\SXUSRVHVIRUSODQWEUHHGLQJ
DQG IRU DJURQRPLF VWXGLHV 7KH WHFKQLTXH LV VWLOO
XVHGQHDUO\\HDUV ODWHUDQG WKH7LOOH\DQG7HUU\
SDSHUSXEOLVKHGLQUHPDLQVDIUHTXHQWO\TXRWHG
UHIHUHQFHLQVFLHQWL¿FMRXUQDOV
)UDQN5D\PRQG'UD\WRQ±+XUOH\±
OLWWOHVWHPGHYHORSPHQWRFFXUUHG/LNHZLVHZLWKZKLWH
FORYHUWKHIDOOLQGLJHVWLELOLW\ZLWKGHOD\LQKDUYHVWZDV
PXFKVORZHUWKDQWKDWZLWKJUDVVHV
5HVHDUFK E\ &ROLQ +DUULV VKRZHG WKDW HQVLOLQJ
KDG OLWWOH HIIHFW RQ GLJHVWLELOLW\ ZKLOVW ZRUN FDUULHG
RXW MRLQWO\ ZLWK WKH 1DWLRQDO ,QVWLWXWH RI $JULFXOWXUDO
(QJLQHHULQJ ODWHU 6LOVRH 5HVHDUFK ,QVWLWXWH
GHPRQVWUDWHG WKDW D VXEVWDQWLDO GURS LQ GLJHVWLELOLW\
PD\ UHVXOW IURP KD\PDNLQJ SDUWLFXODUO\ LI SRRU
ZHDWKHUFRQGLWLRQVKDGUHVXOWHG LQVXEVWDQWLDO ORVVHV
LQ WKH ¿HOG +LJKWHPSHUDWXUH GU\LQJ ZLWK WKH GULHG
SURGXFW IHG ZLWKRXW IXUWKHU SURFHVVLQJ KDG RQO\ D
QHJOLJLEOH HIIHFW RQ GLJHVWLELOLW\ EXW 'HQQLV 2VERXUQ
IRXQG WKDW JULQGLQJ DQG SHOOHWLQJ EHIRUH IHHGLQJ OHG
WR D PDUNHG UHGXFWLRQ LQ GLJHVWLELOLW\ SDUWLFXODUO\ RI
WKH ¿EURXV FRPSRQHQWV 7KLV UHGXFWLRQ ZDV PXFK
ODUJHU ZLWK JUDVVHV ZLWK WKHLU KLJKHU FRQWHQW RI
GLJHVWLEOH¿EUHWKDQZLWKOHJXPHVDQGZDVJUHDWHUDW
KLJKHUOHYHOVRILQWDNH
:KLOVW PXFK ZDV HVWDEOLVKHG XVLQJ LQ YLYR
WHFKQLTXHVWKHGHYHORSPHQWRIWKH LQYLWURWHFKQLTXH
E\0LNH 7LOOH\ DQG 5RQ7HUU\ RSHQHG XSPDQ\ QHZ
SRVVLELOLWLHV:LWKDFFXUDWHDVVHVVPHQWRIGLJHVWLELOLW\EHLQJSRVVLEOH IURPRQO\VPDOOVDPSOHV
RI GULHG PDWHULDO WKH WHFKQLTXH ZDV XVHG WR DVVHVV HIIHFWV RI PDQ\ DJURQRPLF WUHDWPHQWV
RQ GLJHVWLELOLW\ WR GHVFULEH WKH SDWWHUQV RI FKDQJHZLWK GHYHORSPHQW RI KHUEDJH VSHFLHV DQG
YDULHWLHVDQGWRDVVHVVWKHGLJHVWLELOLW\RIGLIIHUHQWPRUSKRORJLFDOSDUWVRIWKHJUDVVSODQW5HVHDUFK
LQFROODERUDWLRQZLWK:3%6GHPRQVWUDWHGVLJQL¿FDQWKHULWDELOLW\RIGLJHVWLELOLW\DQGKLJKOLJKWHGLWV
XVHLQJUDVVEUHHGLQJ7KHWHFKQLTXHZDVDGRSWHGWKURXJKRXWWKHZRUOGDQGLVVWLOOURXWLQHO\LQXVH
7KH LQ YLWUR WHFKQLTXHZKLOVW SURYLGLQJ D JRRG
HVWLPDWH RI LQ YLYR GLJHVWLELOLW\ GLG QRW GLUHFWO\
JLYHLQIRUPDWLRQRQWKHG\QDPLFVRIGLJHVWLRQDQG
UHTXLUHG WKHXVHRIVXUJLFDOO\SUHSDUHGDQLPDOV
WR SURYLGH D VRXUFH RI UXPHQ LQRFXOXP
%RWK RI WKHVH OLPLWDWLRQV ZHUH DGGUHVVHG LQ
D WHFKQLTXH IRU PHDVXULQJ WKH DPRXQW DQG
VSHHG RI JDV SURGXFWLRQ GXULQJ WKH LQFXEDWLRQ
RI IRUDJH VDPSOHV 7KLV WHFKQLTXH LQLWLDOO\
GHYHORSHGLQ*HUPDQ\ZDVVLPSOL¿HGDW+XUOH\
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(OHFWURQPLFURVFRSHLPDJHVKRZLQJFRORQLVDWLRQ
RISDUWLFOHVRIEDUOH\VWUDZE\UXPHQIXQJXV
1HRFDOOLPDVWL[KXUOH\HQVLV

E\ 0LNH 7KHRGRURX LQ WKH HDUO\ V VR WKDW LW
FRXOG EH XVHG DV D VFUHHQLQJ WRRO &ROODERUDWLYH
UHVHDUFK ZLWK 5HDGLQJ 8QLYHUVLW\ VKRZHG WKDW
VLPLODU UHVXOWV WKRXJK ZLWK D ORQJHU ODJSKDVH
EHIRUH GLJHVWLRQ VWDUWHG FRXOG EH REWDLQHG XVLQJ
LQRFXODWLRQ ZLWK IDHFDO UDWKHU WKDQ UXPHQ PLFUR
RUJDQLVPV WKXV REYLDWLQJ WKH QHHG IRU VXUJLFDOO\
SUHSDUHG DQLPDOV*DV SURGXFWLRQ WHFKQLTXHV DUH
QRZSUREDEO\XVHGPRUHZLGHO\ZRUOGZLGHWKDQWKH
7LOOH\DQG7HUU\WHFKQLTXH
0LNH 7KHRGRURX DQG KLV WHDP SURYLGHG D QHZ
LQVLJKW WR UXPHQ GLJHVWLRQ WKURXJK WKHLU VWXGLHV
RI DQDHURELF IXQJL $QRWKHU DSSURDFK ZDV WKH
UHVHDUFKOHGE\5R\+DUWOH\ZKLFKSURYLGHGDQHZ
XQGHUVWDQGLQJRIFHOOZDOOFKHPLVWU\DQGWKHIDFWRUV
WKDW GHWHUPLQHG WKH VXVFHSWLELOLW\ RI FHOO ZDOOV WR
GLJHVWLRQE\WKHUXPLQDQW3KHQROLFDFLGVLQWKHFHOO
ZDOOVRIFHUHDOVWUDZVDQGJUDVVHVZHUHVKRZQWREH
OLQNHGYLDWKHLUFDUER[\OJURXSVWRDUDELQRVHPRLHWLHV
LQ KHPLFHOOXORVH (VWHUL¿FDWLRQ RI FHOO ZDOOV ZLWK
LQFUHDVLQJ DPRXQWV RI FRXPDULF DQG IHUXOLF DFLGV
ZDV KLJKO\ FRUUHODWHG ZLWK GHFUHDVHG FHOO ZDOO
GHJUDGDELOLW\
3KLOOLS+DUULVXVHGKLVWRFKHPLFDOWHFKQLTXHVWRVWXG\
WKHORFDWLRQRISKHQROLFFRPSRXQGVLQGLIIHUHQWJUDVV
WLVVXHVDQGFRQ¿UPHGUHGXFWLRQVLQGHJUDGDELOLW\LQ
WLVVXHV FRQWDLQLQJ SKHQROLFV 7KLV LQIRUPDWLRQ
SURYLGHGQHZSRVVLELOLWLHVERWKIRUEUHHGLQJJUDVVHV
ZLWK HQKDQFHG GHJUDGDELOLW\ EXW DOVR IRU WKH
FKHPLFDO WUHDWPHQW RI VWUDZV DQG IRUDJHV WR
HQKDQFHIHHGLQJYDOXH7KHLQFUHDVHLQGLJHVWLELOLW\
UHVXOWLQJ IURP DONDOL WUHDWPHQW ZDV VKRZQ WR EH
DVVRFLDWHGZLWKWKHUHOHDVHRISKHQROLFFRPSRXQGV5R\+DUWOH\0LNH:LONLQVRQDQG9LF0DVRQ
FDUULHG RXW UHVHDUFKRQ WKHXVHRI DONDOLV DQGRWKHU SK\VLFRFKHPLFDO WUHDWPHQWV WR HQKDQFH
IHHGLQJ YDOXH FRQFHQWUDWLQJ RQ JUDVVHV DQGZKROH FURS FHUHDOV$OWKRXJK VRGLXP K\GUR[LGH
DQGDPPRQLDJDYHODUJHLQFUHDVHVLQGLJHVWLELOLW\DQGLQWDNHZLWKORZTXDOLW\IRUDJHVWKHUHZHUH
GLI¿FXOWLHVLQWKHGHYHORSPHQWRIVDIHSUDFWLFDODQGHFRQRPLFV\VWHPVIRUXVHRQIDUPV
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'R$QDHURELF)XQJL/LYHLQWKH'LJHVWLYH7UDFW
RI5XPLQDQWV"
$SHUVLVWHQWEHOLHI LQP\FRORJ\ LV WKDW IXQJL UHTXLUH
R[\JHQWRJURZ,QWKHPLGODWHVWZRUHVHDUFK
JURXSVLQ(QJODQGDQG$XVWUDOLDEHJDQWRSURGXFH
HYLGHQFHTXHVWLRQLQJWKLVGRJPD%\WKHHDUO\V
DQG DV D UHFHQWO\ JUDGXDWHG VFLHQWLVW DW +XUOH\
ZLWK H[SHULHQFH LQP\FRORJ\ , EHJDQZRUNLQJZLWK
FROOHDJXHVDW0DQFKHVWHU8QLYHUVLW\RQWKHLQWULJXLQJ
SRVVLELOLW\ WKDW WKH UXPLQDQW GLJHVWLYH WUDFW PLJKW
KDUERXU KLJKO\ VSHFLDOLVHG SRSXODWLRQV RI ¿EUH
GHJUDGLQJREOLJDWHO\DQDHURELF IXQJL WKDWDUHNLOOHG
LQWKHSUHVHQFHRIR[\JHQ7KLVUHVHDUFKFRQWLQXHG
XQWLO +XUOH\ FORVHG DQG HDUO\ SLFNLQJV ZHUH
QRWHZRUWK\ 7RGD\ ZH KDYH D ZHDOWK RI HYLGHQFH
WR VKRZ WKDW DOO ODUJH GRPHVWLFDWHG DQG ZLOG
PDPPDOLDQ KHUELYRUHV KDUERXU SRSXODWLRQV RI
DQDHURELF IXQJL LQ WKHLU GLJHVWLYH WUDFWV 7KHVH
PLFURRUJDQLVPVKDYHWKUHHVWDJHVWRWKHLUOLIHF\FOH
DQGDUHKLJKO\FHOOXORO\WLFSHUKDSVPRUHVRWKDQDQ\
RWKHUPLFURRUJDQLVPNQRZQWRPDQ
+XUOH\ UHVHDUFK FRQWULEXWHG WR WKH PDSSLQJ
RI WKH HQWLUH OLIH F\FOH XVLQJ RXU RZQ VSHFLHV
1HRFDOOLPDVWL[ KXUOH\HQVLV DQG GHVFULEHG WKH
UHODWLRQVKLS EHWZHHQ ¿EUH GHJUDGDWLRQ DQG
¿EURO\WLF HQ]\PH SURGXFWLRQ :H DFKLHYHG PDQ\
¿UVWV GXULQJ WKH HDUO\ \HDUV EXW SHUKDSV RXUPRVW
LPSRUWDQW GLVFRYHU\ ZDV WKH DELOLW\ WR LVRODWH
DQDHURELF IXQJL IURP WKH IUHVK DQG DLUGULHG
IDHFHVRIPDPPDOLDQKHUELYRUHVWKDWKDUERXUIXQJDO
SRSXODWLRQV LQ WKHLUJXW7KLV OHG WRDQDSSUHFLDWLRQ
WKDW¿VWXODWHGUXPLQDQWVZHUHQRWUHTXLUHGWRREWDLQ
DQDHURELF IXQJL DQG HQFRXUDJHG RWKHUV ZLWKRXW
DFFHVVWRDQLPDOKRXVHIDFLOLWLHVWRGHYHORSUHVHDUFK
SURJUDPPHV :LWK PROHFXODU PHWKRGRORJLHV DQG
JHQHVHTXHQFLQJSURFHGXUHVWKHIXWXUHRIJXWIXQJDO
UHVHDUFK LV VHW WR FRQWLQXH , ZRXOG SUHGLFW IRU WKH
IXWXUH WKDW WKHVH RUJDQLVPV ZLWK WKHLU DELOLW\ WR
GHJUDGH ¿EUH DQG IRUP VWDEOH FRFXOWXUHV ZLWK WKH
PHWKDQHSURGXFLQJ $UFKDHD DUH VHW IRU LQGXVWULDO
H[SORLWDWLRQLQWKHSURGXFWLRQRIHQHUJ\IURPZDVWH
HQHUJ\FURSVWRPLWLJDWHFOLPDWHFKDQJH
0LFKDHO 7KHRGRURX +XUOH\ ± $EHU\VWZ\WK
±

,QWDNH
5HVHDUFKFDUULHGRXW LQ86$LQ WKHVKDG LQGLFDWHGWKDWSK\VLFDOGLVWHQVLRQRI WKHUXPHQ
ZDV RQH RI WKH PDLQ IDFWRUV OLPLWLQJ WKH LQWDNH RI IRUDJHV DQG KDG HVWDEOLVKHG D JHQHUDO
SRVLWLYH UHODWLRQVKLS EHWZHHQ GLJHVWLELOLW\ DQG YROXQWDU\ IHHG LQWDNH 5HVHDUFK DW +XUOH\
RQ GULHG IRUDJHV OHG E\ 'HQQLV 2VERXUQ RQ VLODJHV OHG E\ 5RJHU :LONLQV DQG DW JUD]LQJ
E\-RKQ+RGJVRQ'LFN%DNHUDQG3HWHU3HQQLQJH[SORUHGWKHVHUHODWLRQVKLSVIXUWKHU
9ROXQWDU\LQWDNHZDVVKRZQE\-LP7D\OHUDQG&KULV/RQVGDOHWREHVLPLODUIRU]HURJUD]HGIUHVK
JUDVVWRWKDWIURPWKHVDPHPDWHULDODIWHUGHK\GUDWLRQDWKLJKWHPSHUDWXUHDQGFKRSSLQJ'HQQLV
2VERXUQFRQ¿UPHGZLWKGHK\GUDWHGPDWHULDOVWKDWZLWKLQDSODQWVSHFLHVWKHSRVLWLYHUHODWLRQVKLS
EHWZHHQ LQWDNHDQGGLJHVWLELOLW\DSSOLHGXS WR WKHKLJKHVW OHYHORIGLJHVWLELOLW\H[SORUHG7KHUH
ZHUHKRZHYHUODUJHGLIIHUHQFHVEHWZHHQVSHFLHVLQLQWDNHDWDSDUWLFXODUGLJHVWLELOLW\ZLWKLQWDNH
EHLQJSDUWLFXODUO\ORZZLWKWLPRWK\EXWKLJKHUIRUDQ\RIWKHOHJXPHVVWXGLHGWKDQIRUDQ\RIWKH
JUDVVHV7KHVHGLIIHUHQFHVZHUHDVVRFLDWHGZLWKGLIIHUHQFHVLQWKHUDWLRRIFHOOFRQWHQWVWRFHOO
ZDOOFRQVWLWXHQWVLQWKHKHUEDJHIHGZLWKLQWDNHVEHLQJJUHDWHUZKHQFHOOFRQWHQWVZHUHKLJK7KLV
FRQ¿UPHGZRUNFDUULHGRXWE\3HWHUYDQ6RHVWLQWKH86$DQGZDVLQOLQHZLWKWKHEXONK\SRWKHVLV
IRU LQWDNH FRQWUROZLWK WKH IHHGVZLWK WKH JUHDWHU FRQWHQW RI WKH UDSLGO\ GLJHVWHG FHOO FRQWHQW
IUDFWLRQFRQWULEXWLQJOHVVUXPHQEXONSHUNJ'0FRQVXPHGDQGVREHLQJHDWHQLQODUJHUTXDQWLW\
,W ZDV KRZHYHU HVWDEOLVKHG WKDW WKH LQWDNH RI VLODJHV ZDV JHQHUDOO\ OHVV WKDQ WKDW RI IUHVK
IRUDJHV5RJHU:LONLQVDQGKLVFROOHDJXHVH[SORUHGWKHUHODWLRQVKLSEHWZHHQVLODJHFRPSRVLWLRQ
DQGLQWDNHE\VKHHSXVLQJGDWDIURPVLODJHVIHGDW+XUOH\EHWZHHQDQG,QFRQWUDVW
WR WKH VLWXDWLRQ ZLWK GULHG IRUDJHV WKHUH ZDV QR FRUUHODWLRQ EHWZHHQ LQWDNH DQG GLJHVWLELOLW\
7KHUH ZDV WKRXJK D FORVH DVVRFLDWLRQ EHWZHHQ LQWDNH DQG VLODJH FRPSRVLWLRQ ZLWK LQWDNH
EHLQJ VHYHUHO\ UHGXFHG LQ VLODJHV WKDW KDG XQGHUJRQH D FORVWULGLDO IHUPHQWDWLRQ7KHVHZHUH
FKDUDFWHULVHG E\ DPPRQLDQLWURJHQ EHLQJ D ODUJH SURSRUWLRQ RI WKH WRWDO QLWURJHQ DQG ODFWLF
DFLGEHLQJDVPDOOSURSRUWLRQRI WRWDODFLGVSUHVHQW$QDGGLWLRQDO IDFWRUZDVWKH WRWDOTXDQWLW\
RI IHUPHQWDWLRQDFLGVZLWK LQWDNHDOVREHLQJUHGXFHG LQVLODJHV WKDWKDGXQGHUJRQHH[WHQVLYH
IHUPHQWDWLRQ7KLVHIIHFWZDVFRQ¿UPHGE\'LQVGDOH0F/HRGZKRVKRZHGWKDWWKHQHXWUDOLVDWLRQ
RI ORZ S+ VLODJH SULRU WR IHHGLQJ UHVXOWHG LQ LQFUHDVHV LQ LQWDNH 7KH VLODJHV VWXGLHG IURP
±KDGEHHQPDGHZLWKRXWDGGLWLYHDQGPDQ\ZHUHYHU\SRRUO\SUHVHUYHG$QDQDO\VLV
RIVLODJHVPDGH IURP WRSURGXFHGGLIIHUHQW UHVXOWV0DQ\RI WKHVHZHUHPDGH
ZLWK DGGLWLYHV RU DIWHU ZLOWLQJ DQG ZHUH ZHOOSUHVHUYHG :KLOVW WKHUH ZDV VWLOO D QHJDWLYH
UHODWLRQVKLS EHWZHHQ DPPRQLDQLWURJHQ DQG LQWDNH WKHUH ZDV D SRVLWLYH UHODWLRQVKLS
EHWZHHQ LQWDNH DQG GLJHVWLELOLW\ IRU ERWK JUDVVHV DQG OHJXPHV ZLWK OHYHOV RI LQWDNH WHQGLQJ
WR EH JUHDWHU IRU WKH OHJXPHV 7KLV VHULHV RI H[SHULPHQWV SURYLGHG VWURQJ VXSSRUW IRU
HIIRUWVWRUHGXFHSURWHLQEUHDNGRZQDQGH[FHVVLYHDFLGSURGXFWLRQLQWKHVLOR
,W LVFOHDUO\PRUHGLI¿FXOW WRDVVHVV LQWDNHZLWKJUD]LQJWKDQZLWKKRXVHGDQLPDOVDQGWKLVKDV
EHHQDFKDOOHQJHIRUUHVHDUFKLQWKH,QVWLWXWH,QWKHHDUOLHVWWHFKQLTXHVH[FORVXUHFDJHVZHUH
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SODFHG UDQGRPO\ RQ WKH SDVWXUH EHIRUH JUD]LQJ
ZLWK LQWDNH PHDVXUHG DV WKH GLIIHUHQFH EHWZHHQ
WKH DPRXQW RI KHUEDJH RQ WKHVH SORWV DQG WKDW
UHPDLQLQJ RQ WKH JUD]HG DUHD DIWHU WKH JUD]LQJ
SHULRG(VWLPDWHVRIWKHLQWDNHRILQGLYLGXDODQLPDOV
ZHUH GHULYHG IURP WKHLU WRWDO IDHFDO RXWSXW DQG LQ
YLWUR HVWLPDWHV RI WKH GLJHVWLELOLW\ RI WKH KHUEDJH
JUD]HG )DHFDO RXWSXW ZDV PHDVXUHG GLUHFWO\
E\ ¿WWLQJ WKH JUD]LQJ DQLPDOV ZLWK KDUQHVV DQG
FROOHFWLRQEDJVRUPRUHFRPPRQO\E\GRVLQJ WKH
DQLPDOZLWKDQLQGLJHVWLEOHPDUNHUVXFKDVFKURPLF
R[LGH RU DONDQH $OO RI WKHVH WHFKQLTXHV KDYH
VXEVWDQWLDO ZHDNQHVVHV DQG DQ DOWHUQDWLYH
DSSURDFKZDVGHYHORSHGE\3HWHU3HQQLQJRQWKH
EDVLV RI DVVHVVPHQWV RI DQLPDO EHKDYLRXU +HUH
LQWDNH ZDV FDOFXODWHG DV WKH SURGXFW RI JUD]LQJ
WLPH UHFRUGHG DXWRPDWLFDOO\ DQG HDWLQJ UDWH
JIRUDJHPLQXWHJUD]LQJ(DWLQJUDWHZDVDVVHVVHG
E\GLUHFWO\ZHLJKLQJDQLPDOVEHIRUHDQGDIWHUVKRUW
SHULRGV RI JUD]LQJ DOORZLQJ IRU LQVHQVLEOH ZHLJKW
ORVVDQGWKHH[DFWWLPHVSHQWJUD]LQJ7KHJUD]LQJ
UHFRUGHUV GHYHORSHG IURP UHVHDUFKDW+XUOH\ DQG
1RUWK:\NHKDYHEHHQXVHGWKURXJKRXWWKHZRUOG
RQDUDQJHRIGRPHVWLFDWHGDQGZLOGDQLPDOV
-RKQ+RGJVRQDQG-RUJH5RGULJXHVGHPRQVWUDWHGWKDW LQ
FLUFXPVWDQFHVLQZKLFKWKHUHZDVDPSOHKHUEDJHDYDLODEOH
WKHUH ZDV D FORVH UHODWLRQVKLS EHWZHHQ LQWDNH DQG
GLJHVWLELOLW\RI WKHKHUEDJHFRQVXPHGE\JUD]LQJFDWWOH ,W
ZDVKRZHYHUFOHDUWKDWVZDUGDUFKLWHFWXUHDQGWKHTXDQWLW\
RI KHUEDJH RQ RIIHU PD\ OLPLW LQWDNH $ JHQHUDO SRVLWLYH
UHODWLRQVKLS EHWZHHQ VZDUG KHLJKW DQG LQWDNH ZDV
GHPRQVWUDWHG IRUFRQWLQXRXVO\VWRFNHGVKHHSEHHIFDWWOH
DQG GDLU\ FRZV JUD]LQJ SHUHQQLDO U\HJUDVV JUDVVFORYHU
PL[WXUHV DQG SHUPDQHQW VZDUGV ,QWDNH SHU DQLPDO ZDV
OHDVWZLWKWKHPRVWVHYHUHJUD]LQJEXWWKHUHZDVRIWHQOLWWOH
GLIIHUHQFH LQ LQWDNH EHWZHHQ PRGHUDWH DQG OD[ JUD]LQJ
7KH FULWLFDO OLPLWV ZHUH VKRZQ WR YDU\ EHWZHHQ GLIIHUHQW
FODVVHVRIVWRFN3HWHU3HQQLQJVKRZHGWKDWDVJUD]LQJVHYHULW\LQFUHDVHVWKHUHLVDUHGXFWLRQ
LQ LQWDNH SHU ELWH ZKLFK LV QRW FRPSOHWHO\ FRPSHQVDWHG IRU E\ LQFUHDVH LQ JUD]LQJ WLPH DQG
+(5%$*(48$/,7<$1'87,/,6$7,21
*UD]LQJ%HKDYLRXU
,W KDV ORQJ EHHQ UHDOLVHG WKDW PHDVXULQJ LQJHVWLYH
EHKDYLRXU ZRXOG KHOS XV WR XQGHUVWDQG WKH
UHODWLRQVKLSEHWZHHQKHUEDJHLQWDNHDQGVZDUGVWDWH
LQJUD]LQJDQLPDOV

'XULQJ WKH V ZLWK WKH DYDLODELOLW\ RI
PLQLDWXULVHG HOHFWURQLFV ZRUN EHJDQ RQ WKH
GHYHORSPHQW RI WHFKQLTXHV WR UHFRUG DQG SURFHVV
JUD]LQJ EHKDYLRXU DXWRPDWLFDOO\  ,QLWLDOO\ UDGLR
WHOHPHWU\ ZDV XVHG WR WUDQVPLW HOHFWURP\RJUDSK
VLJQDOV REWDLQHG IURP ¿QH ZLUH HOHFWURGHV SODQWHG
VXEFXWDQHRXVO\RYHUWKHPDVVHWHUPXVFOHVWRUHFRUG
HDWLQJ DFWLYLW\ +RZHYHU WKLV WHFKQLTXH SURYHG WR
EH XQUHOLDEOH $ ÀH[LEOH QRVHEDQG VHQVRU ZDV
GHYHORSHGWRPHDVXUHWKHMDZPRYHPHQWVRIDQLPDOV
DQG WKH DQDORJXH HOHFWULFDO VLJQDOV SURGXFHGZHUH
UHFRUGHGRQPLQLDWXUHWDSHUHFRUGHUVFDUULHGE\WKH
DQLPDOV7KHVHUHFRUGHGVLJQDOVZHUHVXEVHTXHQWO\
UHSOD\HGDWWLPHVUHFRUGLQJVSHHGGLJLWLVHGDQG
DQDO\VHG E\ FRPSXWHU WR JLYH WHPSRUDO SDWWHUQV RI
WLPHVSHQWUXPLQDWLQJHDWLQJDQGLGOLQJDQGWKHMDZ
PRYHPHQWVDVVRFLDWHGZLWKHDFKRI WKHVHDFWLYLWLHV
ZHUH FRXQWHG 7RJHWKHU ZLWK VZDUGPHDVXUHPHQWV
WKLV OHG WR WKH GHYHORSPHQW RI VZDUGPDQDJHPHQW
JXLGHOLQHV6XEVHTXHQWO\VROLGVWDWHGHYLFHVFDUULHG
E\ WKHDQLPDOV UHSODFHGWKHWDSHUHFRUGHUV7KHVH
GHYLFHVGLJLWLVHGDQGVWRUHGWKHVLJQDOVIRUVXEVHTXHQW
FRPSXWHU DQDO\VLV 7KHVH VROLG VWDWH UHFRUGHUV
GHYHORSHGE\3HWHU3HQQLQJ0DUN5XWWHUDQG5RE
&KDPSLRQ KDYH EHHQ SDWHQWHG PDQXIDFWXUHG
FRPPHUFLDOO\ DQG XVHG E\ UHVHDUFKHUV LQ PDQ\
FRXQWULHV
3HWHU3HQQLQJ+XUOH\±1RUWK:\NH
±
$EHHIDQLPDO¿WWHGZLWKHTXLSPHQWIRU
PHDVXULQJLQJHVWLYHEHKDYLRXUDQGD
JOREDOSRVLWLRQLQJV\VWHPWRWUDFNPRYHPHQW

WKHQXPEHURIELWHVSHUPLQXWH,QWDNHSHUDQLPDOZDV
JUHDWHU IRU VKHHS JUD]LQJ ZKLWH FORYHU WKDQ JUDVV
FORYHU PL[WXUHV ZKLFK ZHUH LQ WXUQ JUHDWHU WKDQ IRU
SXUHJUDVV7KLVZDVVKRZQWRDULVHIURPKLJKHULQWDNH
SHU ELWH ZLWK ZKLWH FORYHU :LWK PL[HG VZDUGV
KRZHYHU3HWHU3HQQLQJDQG0DUN5XWWHUVKRZHGWKDW
WKH SDWWHUQ RI VHOHFWLRQ EHWZHHQ FORYHU DQG JUDVV
IROORZHG D GLXUQDO SDWWHUQ ZLWK PRUH FORYHU EHLQJ
FRQVXPHG LQ WKH PRUQLQJ DQG PRUH JUDVV LQ WKH
HYHQLQJ *UHDWHU OHYHOV RI LQWDNH ZHUH IRXQG ZKHQ
VKHHS KDG VLPXOWDQHRXV DFFHVV WR SXUH VZDUGV RI
JUDVVDQGFORYHUWKDQZLWKPL[HGVZDUGVRUSXUHZKLWH
FORYHUVZDUGV
(I¿FLHQF\RI(QHUJ\DQG3URWHLQ8WLOLVDWLRQ
(QHUJ\  $ UDQJH RI WHFKQLTXHV ZHUH GHYHORSHG DW
+XUOH\ WR VWXG\ WKH HI¿FLHQF\ RI QXWULHQW XWLOLVDWLRQ
,Q WKH ODWH V 'DYLG 7KRPVRQ GHYHORSHG D
FRPSDUDWLYH VODXJKWHU WHFKQLTXH WRPHDVXUH HQHUJ\
DQG QLWURJHQ UHWHQWLRQ LQ WKH ZKROH ERG\ RYHU D
OHQJWK\ IHHGLQJ SHULRG $ JURXS RI DQLPDOV ZDV
VODXJKWHUHG DW WKH EHJLQQLQJ RI WKH H[SHULPHQWDO
SHULRG ZLWK WKH UHPDLQLQJ WUHDWPHQW DQLPDOV
VODXJKWHUHGDWWKHHQGRIWKHH[SHULPHQWDQGHQHUJ\
DQG QLWURJHQ UHWHQWLRQ FDOFXODWHG E\ GLIIHUHQFH
7KLV DSSURDFK ZDV ODWHU FRPSOHPHQWHG E\ GLUHFW
PHDVXUHPHQWVRIKHDWDQGPHWKDQHSURGXFWLRQRYHU
DVKRUWWLPHLQWHUYDOXVLQJFDORULPHWHUVIRUVKHHSEHHI
FDWWOHDQGGDLU\FRZV
$OWKRXJKWKHUHVHDUFKFRQ¿UPHGDJHQHUDO
SRVLWLYHUHODWLRQVKLSEHWZHHQWKHHI¿FLHQF\RI
HQHUJ\XWLOLVDWLRQDQGGLJHVWLELOLW\LPSRUWDQW
H[FHSWLRQV ZHUH LGHQWL¿HG (I¿FLHQF\ RI
HQHUJ\ XWLOLVDWLRQ ZDV JHQHUDOO\ OHVV LQ
DXWXPQJURZQKHUEDJHWKDQLQVSULQJJURZQ
KHUEDJH FRQ¿UPLQJ HDUOLHU ZRUN DW WKH
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,QGLUHFW5HVSLUDWLRQ&DORULPHWU\DW+XUOH\
7KH¿UVWUHVSLUDWLRQFDORULPHWHUVµDUULYHG¶DW+XUOH\LQ
2FFXS\LQJVRPHRI'HQQLV2VERXUQ¶VYDOXDEOH
UHDO HVWDWH LQ 6KHG 9 WZR µKRPHEXLOW¶ ZRRGHQ
VWUXFWXUHV ZHUH OLQNHG WR VRPH VRSKLVWLFDWHG
DQDO\WLFDO HTXLSPHQW WRPHDVXUH HQHUJ\ XWLOLVDWLRQ
LQFOXGLQJPHWKDQHSURGXFWLRQLQVKHHS(DUO\UHVXOWV
ZHUH HQFRXUDJLQJ EXW FRQWUROOLQJ WHPSHUDWXUH DQG
KXPLGLW\EHFDPHDQLVVXHLQWKH',<FKDPEHUVDQG
DOWHUQDWLYHVZHUHUHTXLUHG
7KURXJK ,QVWLWXWH DQG FRPPHUFLDO IXQGLQJ IURP
%ULWLVK 6XJDU ZLWK VRPH GHIW QHJRWLDWLRQ E\'DYLG
7KRPVRQWKHQH[WWZR\HDUVVDZWKH+XUOH\IDFLOLW\
JURZWRVL[SXUSRVHEXLOWFDORULPHWHUVIRUGDLU\FRZV
IRXUDQGEHHIFDWWOHWZR,QDQLPDOVFLHQFHWHUPV
*5,KDGHQWHUHGWKH3UHPLHU/HDJXH
$VXVWDLQHGSHULRGRIUHVHDUFKIRUERWK*RYHUQPHQW
DQG FRPPHUFLDO VSRQVRUV IROORZHG DQG ¿WWLQJO\
WKHVH GDWD FRQWULEXWHG WR D ODUJH GDWDVHW RI
PHDVXUHPHQWV RQ LQGLYLGXDO FRZV VXEVHTXHQWO\
XVHG WR UHYLVH 8. HQHUJ\ IHHGLQJ VWDQGDUGV
0RUH UHFHQWO\ GDWD RQ PHWKDQH SURGXFWLRQ KDV
EHHQXVHG WR GHYHORSPRUH ULJRURXV LQYHQWRULHV RI
PHWKDQRJHQHVLVDVDEDVLVIRUPLWLJDWLRQVWUDWHJLHV
:LWK WKH GHPLVH RI +XUOH\ QHZ KRPHV IRU WKH
FKDPEHUVZHUH QHHGHG 7KH GDLU\ FKDPEHUVZHUH
VKDUHG EHWZHHQ &('$5 5HDGLQJ 8QLYHUVLW\ DQG
+LOOVERURXJK 1RUWKHUQ ,UHODQG DQG FRQWLQXHG ORQJ
DQG SUR¿WDEOH OLYHV WKH EHHI FKDPEHUV ZHQW WR
1HZFDVWOH8QLYHUVLW\EXWZHUHQHYHUUHLQVWDOOHG
$FFRPSDQ\LQJWKHFKDPEHUVWR&('$5ZDV6WHYH
&DPPHOO ZKR GHVHUYHV VSHFLDO PHQWLRQ IRU WKH
GHGLFDWLRQ DQG GHYRWLRQ KH SXW LQWR EXLOGLQJ HLJKW
FKDPEHUV IURP VFUDWFK +H ZDV WKHQ WDVNHG ZLWK
GLVPDQWOLQJVL[RIWKHPDQGVXEVHTXHQWO\UHEXLOGLQJ
WZR :LWKRXW WKLV HIIRUW DV ZHOO DV WKDW RI WKH
PDLQWHQDQFHIDEULFDWLRQ WHDPV DW +XUOH\ QRQH RI
WKLV UHVHDUFK RQ HQHUJ\ XWLOLVDWLRQ RI IRUDJHIHG
UXPLQDQWVZRXOGHYHUKDYHEHHQSRVVLEOH
'DYLG%HHYHU+XUOH\±
,QGLUHFWUHVSLUDWLRQFDORULPHWHUDW+XUOH\

5RZHWW,QVWLWXWH7KLVZDVDVVRFLDWHGZLWKWKHDXWXPQJURZQJUDVVKDYLQJORZFRQWHQWRIZDWHU
VROXEOHFDUERK\GUDWHDQGKLJKFRQWHQWRIFUXGHSURWHLQDODUJHSURSRUWLRQRIZKLFKZDVDVQRQ
SURWHLQ QLWURJHQ:KLOVW JULQGLQJ DQG SHOOHWLQJ UHGXFHV GLJHVWLELOLW\ WKLV SURFHVV UHVXOWHG LQ D
PDUNHGLQFUHDVHLQWKHHI¿FLHQF\RIXWLOLVDWLRQRIGLJHVWHGHQHUJ\DWWULEXWHGWRDFKDQJHLQWKH
UDWLRRI WKHFRPSRQHQWVGLJHVWHGDQGDUHGXFWLRQ LQWKHLPSRUWDQFHRI WKHUXPHQDVDVLWHIRU
GLJHVWLRQ$ JUHDWHU XQGHUVWDQGLQJ RI WKH UHDVRQV IRU SRRUHU HQHUJ\ XWLOLVDWLRQ LQ IRUDJH WKDQ
FRQFHQWUDWHGLHWVZDVREWDLQHG7KLVZDVVKRZQWRDULVHIURPJUHDWHUKHDWSURGXFWLRQDQGPRUH
H[FUHWLRQRIQLWURJHQZLWKIRUDJHV7KHODUJHORDGRIQLWURJHQDEVRUEHGIURPPDQ\IRUDJHVZDV
VKRZQLQUHVHDUFKZLWKWKH8QLYHUVLWLHVRI1RWWLQJKDP5HDGLQJDQG1HZFDVWOHWROHDGWRODUJH
KHDWORVVHVDQGLQHI¿FLHQWDPLQRDFLGXWLOLVDWLRQDWWKHWLVVXHOHYHO
3URWHLQ$WWKHWLPHRIWKHIRXQGDWLRQRI+XUOH\FUXGHSURWHLQRUQLWURJHQFRQWHQWZDVWKHPDLQ
TXDOLW\FULWHULRQIRUJUDVVODQGIHHGV+RZHYHULWEHFDPHDEXQGDQWO\FOHDUWKDWSURWHLQLQIRUDJHV
ZDVRIWHQXVHGYHU\ LQHI¿FLHQWO\ OHDGLQJ WRSRRUDQLPDO UHVSRQVHV/DWWHUO\ WKLVFRQFHUQZDV
H[WHQGHGWRWKHODUJHSRWHQWLDOORDGLQJWRWKHHQYLURQPHQWRIQLWURJHQLQH[FUHWD
,QFUHDVLQJO\VRSKLVWLFDWHGWHFKQLTXHVZHUHXVHGWRVWXG\QLWURJHQXWLOLVDWLRQ1LWURJHQUHWHQWLRQ
ZDVPHDVXUHGLQPDQ\VKRUWWHUPH[SHULPHQWVDVWKHGLIIHUHQFHEHWZHHQQLWURJHQFRQVXPSWLRQ
DQG WKH ORVVHV LQ IDHFHVDQGXULQH7KLV WHFKQLTXHZDVKRZHYHU OLDEOH WRFRQVLGHUDEOHHUURU
DQGJDYHQRLQVLJKWWRWKHG\QDPLFVRIQLWURJHQXVHE\WKHDQLPDO,QFROODERUDWLRQZLWK'DYLG
$UPVWURQJIURP1HZFDVWOH8QLYHUVLW\ UHHQWUDQWFDQQXODWLRQ WHFKQLTXHV LQYROYLQJFDQQXODH LQ
WKH SUR[LPDO GXRGHQXPDQG WKH WHUPLQDO LOHXPZHUH GHYHORSHG E\'DYLG%HHYHU DQG'DYLG
7KRPVRQ7KHUHVXOWV LQFRQMXQFWLRQZLWKPHDVXUHPHQWRI UXPHQPLFURELDOSURWHLQV\QWKHVLV
SURYLGHG LQVLJKWV LQWR WKH ORFDWLRQ RI QLWURJHQ GLJHVWLRQ DQG WKH VXSSO\ RI DPLQR DFLGV WR WKH
DQLPDO ,Q WKH V WKH UDQJH RI WHFKQLTXHV XVHG ZDV IXUWKHU EURDGHQHG WR LQYHVWLJDWH
PHWDEROLVPLQLQGLYLGXDOWLVVXHVFRQFHQWUDWLQJRQWKHJXWOLYHUDQGPXVFOH
'DYLG %HHYHU 'DYLG 7KRPVRQ 5RG 6LGGRQV $OH[ 0F$OODQ DQG WKHLU FROOHDJXHV VKRZHG
NH\ IDFWRUV DIIHFWLQJDPLQRDFLG VXSSO\ WR WKHDQLPDO WR EH WKH UDWH DWZKLFK IRUDJHQLWURJHQ
FRPSRXQGVZHUHEURNHQGRZQ LQ WKH UXPHQDQG WKHVXSSO\RIHQHUJ\ LQ WKH UXPHQ UHTXLUHG
IRUWKHV\QWKHVLVRIPLFURELDOSURWHLQ7KHUHVXOWVVWUHVVHGWKHQHHGWRV\QFKURQLVHWKHUHODWLYH
DYDLODELOLWLHVRIHQHUJ\DQGQLWURJHQLQWKHUXPHQ
*HQHUDOO\ WKH EUHDNGRZQ RI QLWURJHQ FRPSRXQGV LQ IUHVK JUDVVHV DQG OHJXPHV ZDV IRXQG
WREHSDUWLFXODUO\ UDSLG6HYHUDODSSURDFKHVZHUH LGHQWL¿HG WR UHGXFHEUHDNGRZQ UDWHV LQ WKH
UXPHQ+LJKWHPSHUDWXUHGU\LQJZDVVKRZQWRKDYHDPDUNHGHIIHFWRQWKHSDWWHUQRIQLWURJHQ
GLJHVWLRQDOWKRXJKGU\LQJUHVXOWHGLQDVPDOOUHGXFWLRQLQZKROHWUDFWQLWURJHQGLJHVWLELOLW\ WKLV
ZDVPRUHWKDQFRPSHQVDWHGIRUE\VORZLQJSURWHLQEUHDNGRZQLQWKHUXPHQUHGXFLQJDPPRQLD
ORVVHVDQGLQFUHDVLQJWKHTXDQWLW\RIDPLQRDFLGVDEVRUEHGIURPWKHVPDOOLQWHVWLQH6RPHIRUDJH
VSHFLHVFRQWDLQ WDQQLQV WKDWELQG WRSURWHLQVDQG UHGXFHEUHDNGRZQ LQ WKH UXPHQ6DLQIRLQ LV
RQHVXFKVSHFLHVDQGUHVHDUFKDW+XUOH\VKRZHGPXFKJUHDWHUHI¿FLHQF\RIQLWURJHQXWLOLVDWLRQ
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ZLWK VDLQIRLQ WKDQ ZLWK WKH WDQQLQIUHH OXFHUQH ,W
LV QRZ FOHDU IURP UHVHDUFK LQ 1HZ =HDODQG WKDW
WKHUH LV DQ RSWLPDO UDQJH RI WDQQLQ FRQWHQW DQG WKDW
YHU\ ODUJH FRQWHQWV PD\ DGYHUVHO\ DIIHFW SURWHLQ
XWLOLVDWLRQ ,UHQH 0XHOOHU+DUYH\ GHYHORSHG
WHFKQLTXHV IRU VHSDUDWLRQ RI WDQQLQV IURP RWKHU
SRO\SKHQROV WR IDFLOLWDWH UHVHDUFKRQ WKHH[DFWPRGH
RIDFWLRQDQGWRSURJUHVVUHVHDUFKZLWKERWKWHPSHUDWH
DQGWURSLFDOIRUDJHDQGEURZVHVSHFLHV
(QVLOLQJ ZDV VKRZQ WR H[DFHUEDWH WKH SUREOHPV RI
QLWURJHQ XWLOLVDWLRQ ZLWK JUDVVHV DQG OHJXPHV 1RW
RQO\LVPXFKRIWKHSURWHLQLQWKHIRUDJHEURNHQGRZQ
LQ WKH VLOR WR DPLQR DFLGV DQG VLPSOHU FRPSRXQGV
OHDGLQJ WR ODUJH OHYHOV RI DPPRQLD LQ WKH UXPHQ
EXW DOVRPRVW RI WKH UHDGLO\DYDLODEOH FDUERK\GUDWHV
LQ WKH IUHVK IRUDJH ZLOO KDYH EHHQ IHUPHQWHG
LQ WKHVLOR WRRUJDQLFDFLGV WKXV UHGXFLQJ WKHVXSSO\
RIHQHUJ\LQWKHUXPHQIRUPLFURELDOSURWHLQV\QWKHVLV
:KLOVW WKH VWDQGDUG YDOXH XVHG IRUPLFURELDO SURWHLQ
V\QWKHVLV LV J PLFURELDO QLWURJHQNJ RI IHHG '0
DSSDUHQWO\ GLJHVWHG LQ WKH UXPHQ YDOXHV FROODWHG
E\ 'DYLG %HHYHU IURP D VHULHV RI H[SHULPHQWV ZLWK
VLODJHVUDQJHG IURP WRJNJ ,QHI¿FLHQF\ LQXVH
RIQLWURJHQZLWKVLODJHVZDVVKRZQE\&KULV/RQVGDOH
DQG -LP 7D\OHU WR OHDG WR LQFUHDVHG SURSRUWLRQV RI
IDWDQGUHGXFHGSURSRUWLRQVRISURWHLQ LQWKHFDUFDVH
JDLQ RI EHHI FDWWOH 0XFK UHVHDUFK ZDV FDUULHG RXW
RQ WKH SRVVLEOH XVH RI IRUPDOGHK\GH DV D VLODJH
DGGLWLYH $V ZLWK WDQQLQV IRUPDOGHK\GH UHVXOWHG LQ
UHGXFWLRQ LQ ZKROH WUDFW QLWURJHQ GLJHVWLELOLW\ ,Q VRPH FDVHV WKHUH ZDV DQ RYHUDOO LQFUHDVH
LQ DPLQR DFLG VXSSO\ DQG QLWURJHQ UHWHQWLRQ EXW WKLV GLG QRW DOZD\V RFFXU DQG WKH RSWLPDO
UDQJHRIIRUPDOGHK\GHDSSOLFDWLRQDSSHDUHGWREHWRRQDUURZIRUSUDFWLFDODSSOLFDWLRQ
:LWKPRVWJUDVVHVDQGOHJXPHVWKHEHVWDSSURDFKWRLPSURYHQLWURJHQXWLOLVDWLRQDSSHDUHGWR
EHWRXVHFRPSOHPHQWDU\IRUDJHVRUFRQFHQWUDWHVXSSOHPHQWVWRLPSURYHWKHEDODQFHRIVXSSO\
RIQLWURJHQDQGHQHUJ\LQWKHUXPHQ&RQVLGHUDEOHSURJUHVVZDVPDGHE\0DJJLH*LOODQG-RKQ
6XWWRQ LQ LGHQWLI\LQJRSWLPDO VXSSOHPHQWV IRUJUDVVODQG IHHGVZLWK VXSSO\RI UHDGLO\DYDLODEOH
FDUERK\GUDWHDQGSURWHLQZLWKORZUXPHQGHJUDGDELOLW\EHLQJSDUWLFXODUO\LPSRUWDQWZLWKVLODJHV
,QIRUPDWLRQJHQHUDWHGDW+XUOH\PDGHDFUXFLDO FRQWULEXWLRQ WRPRGHOVRI UXPHQ IXQFWLRQDQG
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7KH+LVWRU\RI5XPLQDQW0RGHOOLQJDW+XUOH\
%\ WKH HDUO\ V *5, KDG EHFRPH D ZRUOG
OHDGHU LQ IRUDJH HYDOXDWLRQ LQ SDUWLFXODU ZLWK WKH
GHYHORSPHQWRIWKH7LOOH\DQG7HUU\LQYLWURGLJHVWLRQ
V\VWHP$W WKHVDPH WLPH WKH LPSRUWDQFHRI UXPHQ
IXQFWLRQ ZDV EHLQJ UHFRJQLVHG DQG OHG WR WKH
LQWURGXFWLRQRIVXUJLFDOO\PRGL¿HGVKHHSDW+XUOH\WR
PHDVXUHUXPHQDQGSRVWUXPHQIXQFWLRQ
0DQ\ GH¿QLQJ VWXGLHV RQ WKH GLJHVWLRQ NLQHWLFV RI
DUWL¿FLDOO\GULHGIRUDJHVSRSXODUDWWKDWWLPHVLODJHV
LQFOXGLQJVRPHRI WKHHDUOLHVWZRUNRQPDL]HDQG
HYHQ IUHVK SDVWXUH IROORZHG ,QLWLDOO\ ZLWK VKHHS
WKHVHJUDGXDWHGRYHUWLPHWREHHIFDWWOHDQGWRGDLU\
FRZV,WZDVDSHULRGRIQHZDQGH[FLWLQJNQRZOHGJH
LQWKHDUHDRIIRUDJHHYDOXDWLRQDQGXWLOLVDWLRQ
:RUNLQJ LQGHSHQGHQWO\ /HH %DOGZLQ 8& 'DYLV
&DOLIRUQLD SURGXFHG WKH ¿UVW VLPXODWLRQ PRGHO RI
UXPHQ IXQFWLRQ DQG D FKDQFH PHHWLQJ ZLWK 'LFN
%URFNLQJWRQJDYHPHP\¿UVWH[SRVXUHWR%DOGZLQ¶V
UHVHDUFK'ULYHQWROHDUQPRUHDQGDSSO\WKHVFLHQFH
D 6WDSOHGRQ 7UDYHOOLQJ )HOORZVKLS DOORZHG PH WR
IROORZ%DOGZLQWR$XVWUDOLDDQG1HZ=HDODQGZKHUH
KH ZDV RQ VWXG\ OHDYH )XUWKHU PRGHOV RI UXPHQ
IXQFWLRQ ZHUH SXEOLVKHG DQG E\ WKH HDUO\ V
+XUOH\ KDG LWV RZQ GHGLFDWHG WHDP RI DQLPDO
PRGHOOHUV ZLWK -LP )UDQFH 0DJJLH *LOO DQG -RKQ
7KRUQOH\
,W ZDV WKLV FRPPLWPHQW DQG UHVRXUFH WKDW ¿QDOO\
HQWLFHG %DOGZLQ WR VSHQG D \HDU DW +XUOH\ D WUXO\
HOHFWULI\LQJH[SHULHQFHLQWHUPVRISHUVRQDOVFLHQWL¿F
HQGHDYRXU7ZRGDLU\FRZPRGHOVDSWO\QDPHG'DLV\
DQG0ROO\DIWHU/HH%DOGZLQ¶VIDWKHU¶VIDYRXULWHFRZ
EDFN LQ WKH 86 HPHUJHG WR EHFRPH E\ZRUGV LQ
DQLPDOVFLHQFHDQGULJKWIXOO\SODFHGLQWRWKHKLVWRU\RI
UXPLQDQWQXWULWLRQ
'DYLG%HHYHU+XUOH\±

DQLPDOPHWDEROLVP7KHVHPRGHOVIDFLOLWDWHWKHFDOFXODWLRQRIQXWULHQWVXSSO\WRDQLPDOVWKDWLV
DWWKHKHDUWRIPRGHUQIHHGLQJV\VWHPVIRUUXPLQDQWDQLPDOV$NH\WRSURJUHVVZDVWKHFORVH
FROODERUDWLRQ EHWZHHQ WKH PDWKHPDWLFLDQV -RKQ 7KRUQOH\ DQG -LP )UDQFH DQG UXPLQDQW
QXWULWLRQLVWV0DJJLH*LOODQG'DYLG%HHYHUDW+XUOH\DQGLQSXWVIURPYLVLWLQJVFLHQWLVWVSDUWLFXODUO\
/HH%DOGZLQIURP86$-RKQ%ODFNIURP$XVWUDOLDDQG0DUF8OO\DWWIURP1HZ=HDODQG
3URGXFWLRQ(I¿FLHQF\
$QLPDOSRSXODWLRQ &ROLQ6SHGGLQJDQGKLV WHDPKLJKOLJKWHG WKH LPSRUWDQFHRI WKHVWUXFWXUH
RI WKHDQLPDOSRSXODWLRQ LQGHWHUPLQLQJWKHHI¿FLHQF\RIDQLPDOSURGXFWLRQV\VWHPV(I¿FLHQF\
FRXOGXVHIXOO\EHH[SUHVVHGDVWKHHQHUJ\LQWKHDQLPDOSURGXFWVDVDSURSRUWLRQRIWKHHQHUJ\
FRQVXPHG FDOFXODWHGRYHUD FRPSOHWHSURGXFWLRQ F\FOH+LJK UHSURGXFWLYHHI¿FLHQF\DQG WKH
QHHG WRPLQLPLVH WKH SURSRUWLRQ RI QXWULHQWV SURYLGLQJ RQO\ IRUPDLQWHQDQFHZHUH KLJKOLJKWHG
DVNH\IDFWRUV2IWKHDQLPDOVVWXGLHGWKHKLJKHVWYDOXHVZHUHREWDLQHGE\-HDQ:DOVLQJKDP
LQVWXGLHVZLWKUDEELWVZKLFKFRPELQHKLJKUHSURGXFWLYHHI¿FLHQF\ZLWKUDSLGJURZWK5HVHDUFK
E\ 'LFN %DNHU ZLWK EHHI VXFNOHU V\VWHPV KRZHYHU VKRZHG WKDW WKH JURZWK UDWH RI WKH FDOI
ZDV RIWHQ RI JUHDWHU FRQVHTXHQFH WKDQ WKH VL]H RI WKH GDP LQ GHWHUPLQLQJ RYHUDOO HI¿FLHQF\
RI IHHGXVHGHVSLWHWKHKLJKHUPDLQWHQDQFHUHTXLUHPHQWVRI WKH ODUJHUGDP:LWKERWKVKHHS
DQGFDWWOHLQFUHDVHLQWKHQXPEHURIRIIVSULQJKDGODUJHHIIHFWVRQHI¿FLHQF\
:KLOVW&ROLQ6SHGGLQJLQWKHVFRQVLGHUHGSULQFLSDOO\HQHUJ\DQGSURWHLQHI¿FLHQF\WKHVDPH
SULQFLSOHVGHWHUPLQHHI¿FLHQF\ LQ WHUPVRIPHWKDQHDJUHHQKRXVHJDVSURGXFWLRQSHUXQLWRI
DQLPDORXWSXWDFXUUHQWFHQWUDOLVVXH
6LODJH7KHSURGXFWLRQRIJUDVVVLODJHLQWKH8.LQFUHDVHGVL[IROGIURPWRE\ZKLFKWLPH
VRPHRIWKHWRWDOTXDQWLW\RIFRQVHUYHGIRUDJHZDVVLODJH6HYHUDOIDFWRUVZHUHUHVSRQVLEOH
IRU WKLV LQFUHDVH EXW UHVHDUFK DW +XUOH\ PDGH D PDMRU FRQWULEXWLRQ 7KH UHVHDUFK WRJHWKHU
ZLWK WKDW OHG E\ 3HWHU 0F'RQDOG LQ (GLQEXUJK KDG HVWDEOLVKHG WKH PDMRU IHUPHQWDWLRQ
SDWKZD\VDQGWKHLPSDFWRIFURSFRPSRVLWLRQRQWKHHQVLOLQJSURFHVV7KLVUHVHDUFKZDVIDFLOLWDWHG
E\WKHGHYHORSPHQWDW+XUOH\E\%RE:LOVRQDQG5RJHU:LONLQVRIVLPSOHODERUDWRU\VLORWHFKQLTXHV
$OVR 0LNH :RROIRUG GHYHORSHG D VLPXODWHG VLODJH
V\VWHP LQYROYLQJ VHPLSXUL¿HG FKHPLFDOV WR SURYLGH
D PHGLXP ZLWK FRQWUROOHG FRPSRVLWLRQ ZKLFK ZDV
WKHQ LQRFXODWHG ZLWK VSHFL¿F PLFURELDO SRSXODWLRQV
7KH LPSHUDWLYH LQ SURGXFLQJ VLODJHV RI KLJK IHHGLQJ
YDOXH WR DYRLG FORVWULGLDO IHUPHQWDWLRQ KDG EHHQ
HVWDEOLVKHGDQGE\ WKHHDUO\VWKHUHZDVDPSOH
GHPRQVWUDWLRQ WKDW FRPELQDWLRQV RI WKH XVH RI
IRUPLF DFLG DGGLWLYHV DQG ZLOWLQJ FRXOG JLYH
SUHGLFWDEOHDQGHIIHFWLYHVLODJHPDNLQJ7KLVZDVDLGHG
E\WKHGHYHORSPHQWRIDQHZWHFKQLTXHIRUVLOR¿OOLQJ
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+DUYHVWLQJIRUVLODJHLQZLWKDGGLWLYHDSSOLFDWLRQ
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0LNH :RROIRUG GHYHORSHG D VFUHHQLQJ PHWKRG IRU
HVWDEOLVKLQJ WKH DQWLPLFURELDO VSHFWUXP RI SRWHQWLDO
FKHPLFDODGGLWLYHV6HYHUDORIWKHSURPLVLQJFKHPLFDOV
LGHQWL¿HG LQFOXGLQJDFU\ODWHVDQGKLJKHUDFLGVZHUH
VXEVHTXHQWO\ XVHG FRPPHUFLDOO\ +RZHYHU PRUH
SURJUHVVZDVPDGH LQ WKH GHYHORSPHQW RIPLFURELDO
DGGLWLYHV 5RJHU 0HUU\ 0LNH 7KHRGRURX DQG 'DYLG
%HHYHU LQFRQMXQFWLRQZLWK WKH0LON0DUNHWLQJ%RDUG
DQG D 6RPHUVHW IDUPHU 6WHYH(GPXQGV GHYHORSHG
WKH µ/LYH 6\VWHP¶ DSSURDFK IRU SURYLGLQJ D ORZFRVW
HIIHFWLYHDGGLWLYH7KHIDUPHULVSURYLGHGZLWKDIUHH]H
GULHG LQRFXOXP RI ODFWLF DFLG EDFWHULD DQG D JURZWK
PHGLXP 7KHVH DUH DFWLYDWHG D GD\ EHIRUH DGGLWLRQ
DWHQVLOLQJDQGJHQHUDWHD ODUJHSRSXODWLRQRIDFWLYH
EDFWHULDDWDSSOLFDWLRQUHVXOWLQJLQDPRUHUDSLGGURSLQ
S+LQWKHVLORWKDQZLWKWKHGLUHFWXVHRIDIUHH]HGULHG
LQRFXOXP (IIHFWLYHQHVV ZDV VKRZQ WR EH HQKDQFHG
E\WKHXVHRIVWUDLQVRIODFWLFDFLGEDFWHULDWKDWUDSLGO\
GHJUDGH IUXFWDQ WKXV LQFUHDVLQJ WKH TXDQWLW\ RI
VXEVWUDWH DYDLODEOH IRU DFLG SURGXFWLRQ DQG
SUHVHUYDWLRQ
+D\  5HVHDUFK DW+XUOH\ RQ KD\PDNLQJZDVPDLQO\
DWDVWUDWHJLFOHYHO ORRNLQJDWZD\VLQZKLFKZHDWKHU
ULVNFRXOGEHUHGXFHGE\LQFUHDVLQJWKHUDWHDWZKLFK
ZDWHUZDVORVWIURPFXWJUDVV%RE7KDLQH&ROLQ+DUULV
DQG<RHO/HVKHPFDUULHGRXWH[SHULPHQWVZLWKVLQJOH
OHDYHV DQG WLOOHUV LQ FRQWUROOHG HQYLURQPHQWV 7KH\
KLJKOLJKWHG WKH LPSRUWDQFH RI FXWLFXODU UHVLVWDQFH
WRZDWHU ORVV JUHDWHU UDSLGLW\ RIZDWHU ORVV IURP OHDYHV WKDQ VWHPVDQGGLIIHUHQFHV EHWZHHQ
VSHFLHVLQGU\LQJUDWHZLWKWDOOIHVFXHEHLQJSDUWLFXODUO\UDSLGGU\LQJ&KHPLFDOWUHDWPHQWVWKDW
GDPDJHGRUUHPRYHGWKHFXWLFOHDFFHOHUDWHGGU\LQJ7KLVUHVHDUFKZDVH[WHQGHGE\/HZLV-RQHV
DQG0DUWLQ7HWORZ7KH\IRXQGWKDWGU\LQJLQWKH¿HOGZDVRIWHQOLPLWHGE\VZDWKUHVLVWDQFHUDWKHU
WKDQUHVLVWDQFHDWWKHWLVVXHOHYHODQGVWUHVVHGWKHQHHGWRVSUHDGWKHVZDWKRYHUWKHFRPSOHWH
¿HOG DUHD DQG WR WXUQ LW IUHTXHQWO\ LQ RUGHU WRPLQLPLVH VZDWK
UHVLVWDQFHDQGPD[LPLVHGU\LQJUDWH7KHDGYDQWDJHRIWDOOIHVFXH
RYHU U\HJUDVV ZDV FRQ¿UPHG LQ WKH ¿HOG 0DUWLQ 7HWORZ XVHG
WKLV LQIRUPDWLRQ WR GHYHORS D V\VWHP IRU UDSLGPDNLQJ RI KD\
RIKLJKTXDOLW\LQYROYLQJWKHFXWWLQJRIOHDI\FURSVRIWDOOIHVFXH
DW VL[ZHHNO\ LQWHUYDOV LQWHQVH WUHDWPHQW WR PLQLPLVH VZDWK
UHVLVWDQFH DQG WKH XVH RI SUHVHUYDWLYHV WR HQDEOH VWRUDJH RI
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$JURXSRIIDUPHUVVKRZLQWHQVHLQWHUHVWLQ
NDOHVLODJHPDGHDW1RUWK:\NH
'RUVHW:HGJH6LODJH
7KH SURFHVV RI HQVLODJH ZDV LQWURGXFHG IURP
)UDQFH LQ WKH V EXW GHVSLWH QXPHURXV µVLODJH
FDPSDLJQV¶ E\ WKH V LW KDG VWLOO PDGH
UHPDUNDEO\OLWWOHSURJUHVVLQWKH8.ZLWKRQO\VRPH
RIZLQWHUIRUDJHVWRUHGDVVLODJH:HZHUHWKXV
JUHDWO\ LQWHUHVWHG WR OHDUQ RI WKH UHSRUWHG VXFFHVV
RI D VLODJHPHWKRG WKDWZDV EHLQJ XVHG E\'RUVHW
IDUPHU5LFKDUG:DOWKDP:HYLVLWHGKLV0DQRU)DUP
LQ WRJHWKHUZLWK*RUGRQ6KHSSHUVRQ IURPWKH
1DWLRQDO ,QVWLWXWH RI $JULFXOWXUDO (QJLQHHULQJ DQG
LGHQWL¿HG WZR NH\ IHDWXUHV WKH ¿OOLQJ RI WKH VLOR
SURJUHVVLYHO\DVDZHGJHLQVWHDGRIWKHXVXDOOD\HUV
DQGWKHFRYHULQJRIWKHVXUIDFHRIWKHFXWIRUDJHZLWK
SODVWLFVKHHWVZKHQHYHUORDGLQJZDVQRWLQSURJUHVV
0RVW LPSRUWDQWO\ZHFRQFOXGHG WKDW WKH UROHRI WKH
VKHHWZDVQRWWRSUHYHQWDLUJHWWLQJLQWRWKHVLOREXW
WR SUHYHQW ZDUP DLU HVFDSLQJ IURP WKH IHUPHQWLQJ
FURSDQGGUDZLQJLQIUHVKDLU:HTXLFNO\WHVWHGDQG
GHPRQVWUDWHG WKH V\VWHP DW +XUOH\ DQG SDUWLHV RI
IDUPHUVZHUH VRRQ YLVLWLQJ0DQRU )DUP WR VHH WKH
SUDFWLFDO RSHUDWLRQ RI ZKDW ZDV WHUPHG µ'RUVHW
:HGJH¶ VLODJH 7KHVH LQFOXGHG D SDUW\ RI
$EHUGHHQVKLUH IDUPHUV OHG E\ JUDVVODQG DGYLVRU
*UDHPH &RSHPDQ :LWK WKH ODWHU JURZLQJ VHDVRQ
LQ WKH QRUWK RI6FRWODQG WKH\ZHUH DEOH WR SXW WKH
V\VWHPLQWRSUDFWLFHWKHVDPH\HDU
6LQFH WKHQ WKHUH KDYH EHHQ IXUWKHU DGYDQFHV LQ
VLODJH V\VWHPV LQ SDUWLFXODU WKH XVH RI FKHPLFDO
DGGLWLYHV DQG LQRFXODQWV KLJKFDSDFLW\ PDFKLQHU\
RSHUDWHGE\FRQWUDFWRUVDQGPRUHUHFHQWO\ELJEDOH
VLODJH+RZHYHUZHKDYHOLWWOHGRXEWRIWKHNH\UROH
WKDW WKH 'RUVHW :HGJH SOD\HG LQ WKH VSHFWDFXODU
LQFUHDVHLQVLODJHPDNLQJIURPWKHPLGVVRWKDW
E\VRPHRIFRQVHUYHGIRUDJHZDVVWRUHG
DVVLODJH
)UDQN5D\PRQG'UD\WRQ±+XUOH\±

PRLVWKD\+RZHYHUVXFKV\VWHPVVWLOOKDGJUHDWHU
ZHDWKHUVHQVLWLYLW\WKDQVLODJHPDNLQJDQGKDYHQRW
EHHQ ZLGHO\ DGRSWHG LQ WKH 8. 7KH DSSURDFKHV
LGHQWL¿HGWRLQFUHDVHZDWHUORVVDUHKRZHYHUKLJKO\
UHOHYDQWWRWKHSURGXFWLRQRIKLJK'0VLODJH
*UD]LQJ *UD]HGVZDUGVDUHSDUWLFXODUO\G\QDPLF
7KHFKDUDFWHULVWLFVRI WKHVZDUGDQG WKHQXPEHUV
DQGW\SHRIDQLPDOVXVHGZLOOGHWHUPLQHWKHTXDQWLW\
RIIHHGFRQVXPHGSHUDQLPDODQGLQWRWDO+RZHYHU
WKH QDWXUH DQG TXDQWLW\ RI KHUEDJH UHPRYHG ZLOO
DIIHFWWKHSKRWRV\QWKHWLFHI¿FLHQF\RIWKHVZDUGDQG
WKHVXEVHTXHQWEDODQFHEHWZHHQQHZJURZWKDQG
ORVVHV WKURXJK VHQHVFHQFH DQG GHFRPSRVLWLRQ
7KLV LQ WXUQ DIIHFWV WKH PDWHULDO VXEVHTXHQWO\
DYDLODEOH IRU JUD]LQJ 7KH QDWXUH RI WKHVH
LQWHUDFWLRQV SUHVHQWHG PDMRU GLI¿FXOWLHV LQ GHVLJQ
RI H[SHULPHQWV WR JLYH UHDO XQGHUVWDQGLQJ RI WKH
JUD]LQJSURFHVVDQGKRZLWFRXOGEHPDQLSXODWHG
7KH GHYHORSPHQW RI WKH FRQFHSW RI VWHDG\VWDWH
PDQDJHPHQW RI FRQWLQXRXVO\VWRFNHG VZDUGV E\
7RQ\ 3DUVRQV DQG 3HWHU 3HQQLQJ DQG DVVRFLDWHG
ZRUN LQ 6FRWODQG OHG E\ -RKQ +RGJVRQ ZDV D
UHDO EUHDNWKURXJK 7KLV DSSURDFK ZLWK VZDUGV
PDQDJHG WR PDLQWDLQ D WDUJHW /$, RU VZDUG
KHLJKW HQDEOHG WKH H[DPLQDWLRQ RI FRQWUDVWLQJ
VHYHULWLHV RI JUD]LQJ FRQWUDVWLQJ VZDUG W\SHV
DQGRWKHUDJURQRPLFWUHDWPHQWVLQDELRORJLFDOO\VRXQGDQGUHSURGXFLEOHZD\:LWKVWHDG\VWDWH
PDQDJHPHQWXWLOLVHGKHUEDJHSURGXFWLRQRUQHWKHUEDJHDFFXPXODWLRQFRXOGEHHTXDWHGZLWK
WRWDO DQLPDO LQWDNH WKXV REYLDWLQJ WKH QHHG WRPDNH VZDUGEDVHGPHDVXUHPHQWV RI KHUEDJH
JURZWK
,QDOOFLUFXPVWDQFHVH[DPLQHGWKHUHZDVDFRQÀLFWEHWZHHQWKHQHHGWRPLQLPLVHORVVHVWKURXJK
VHQHVFHQFHDFKLHYHGZLWKVHYHUHJUD]LQJDQGWKHQHHGWRDFKLHYHODUJHLQWDNHVDQGSHUIRUPDQFH
E\ LQGLYLGXDO DQLPDOV DFKLHYHGZLWK OD[JUD]LQJ2IWHQ WKHEHVW UHVXOWVZHUHDFKLHYHGDW DQ
LQWHUPHGLDWHOHYHORIJUD]LQJVHYHULW\
,W ZDV UHDOLVHG WKDW QRW RQO\ ZDV PDQDJHPHQW WR PDLQWDLQ D ¿[HG VZDUG KHLJKW D XVHIXO
H[SHULPHQWDOWRROEXWLWZDVDOVRDWHFKQLTXHWKDWFRXOGEHXVHGIRUJUD]LQJFRQWURORQWKHIDUP
5HVXOWV IURP+XUOH\DQGHOVHZKHUHZHUHEURXJKW WRJHWKHUDQGDGYLFHSURYLGHG LQDUWLFOHV IRU
IDUPHUVDQGLQDµ*UD]LQJ&DOHQGDU¶SURGXFHGE\$'$6
+(5%$*(48$/,7<$1'87,/,6$7,21
*UD]LQJ0DQDJHPHQWWR&RQWURO3DUDVLWHV
,QWHUQDO QHPDWRGH SDUDVLWHV DUH D PDMRU FDXVH RI
SRRUSURGXFWLRQLQVKHHSDQGZHIRXQGWKDWWKLVZDV
HYHQWUXHRIVXEFOLQLFDOLQIHVWDWLRQV7KLVPHDQWWKDW
LWDSSOLHGWRWKHYDVWPDMRULW\RIVKHHS
,QRUGHUWRHVWDEOLVKDQGVWXG\VXFKORZLQIHVWDWLRQV
ZLWKNQRZQVSHFLHVZHKDGWRVWDUWZLWKµZRUPIUHH¶
ODPEV ZKLFK WKHUHIRUHKDG WREH UHDUHGDUWL¿FLDOO\
DQGJUD]HWKHPRQ µZRUPIUHH¶SDVWXUH±QRWHDVLO\
FUHDWHG7KLV UHTXLUHG WKHGHYHORSPHQWRIPHWKRGV
RIDUWL¿FLDOUHDULQJDOVRXVHIXO IRUUHDULQJRUSKDQHG
ODPEVDQG µZRUPIUHH¶SDVWXUHZLWKLQDGHVLJQDWHG
DUHD ZLWK FRQWUROOHG DFFHVV E\ SHRSOH DQG
PDFKLQHU\
:H IXUWKHU IRXQG WKDW WZLQ ODPEV FDUULHG IDU PRUH
SDUDVLWHV WKDQ VLQJOHV SDUWO\ EHFDXVH WKH ODWWHU
UHFHLYHGPRUHPLONDQGWKXVFRQVXPHGOHVVJUDVVRQ
ZKLFKWKHLQIHFWLYHODUYDHZHUHLQJHVWHGDQGSDUWO\
EHFDXVH WKH\ JUHZ IDVWHU DQG WKXV WRRN IDU OHVV
WLPHWR¿QLVK,QDQ\FDVHLWZDVWKHODPEVODFNLQJ
UHVLVWDQFHWKDWZHUHPRVWYXOQHUDEOHVRZHGHVLJQHG
D V\VWHPRI URWDWLRQDO JUD]LQJPDQDJHPHQW FDOOHG
µVLGHZD\VFUHHSJUD]LQJ¶WKDWJDYHWKHODPEVDFFHVV
WR µFOHDQ¶ JUDVV DORQJVLGH WKH SDGGRFNV WKDW ZHUH
JUD]HGE\WKHHZHV
$OWKRXJK VXFK V\VWHPV SURYHG WR EH WRR ODERULRXV
IRUJHQHUDODGRSWLRQWKHZRUNGUHZDWWHQWLRQWRWKH
QHHG IRUJUD]LQJPDQDJHPHQW WR IRFXVRQSDUDVLWH
FRQWUROZLWKRXWWKHURXWLQHXVHRIDQWKHOPLQWLFGUXJV
DQGDYRLGLQJWKHUHVLVWDQFHWKDWVWHDGLO\GHYHORSHG
WRWKHP
&ROLQ6SHGGLQJ'UD\WRQ±+XUOH\±

6ZDUG+HLJKWDQG*UDVVODQG0DQDJHPHQW
6RPHWLPHVDVLPSOHVROXWLRQLVWKHEHVW'XULQJWKH
VZHZHUHORRNLQJIRUSUDFWLFDOZD\VWRDSSO\RQ
IDUPVWKHPDQ\QHZLQVLJKWVWKDWZHUHFRPLQJIURP
RXUFRPELQHGSODQWDQGDQLPDOVWXGLHV:HNQHZZH
FRXOG FKDUDFWHULVH WKH µFDUERQ HFRQRP\¶ RI JUD]HG
SDVWXUHV WKHLU SKRWRV\QWKHVLV UHVSLUDWLRQ JURZWK
SDUWLWLRQLQJ DQG WKH WXUQRYHU RI VKRRWV DQG URRWV
LQ WHUPV RI WKH YHJHWDWLRQ VWDWH OHDI DUHD LQGH[
VXVWDLQHG 'HWDLOHG ZRUN RQ WKH JUD]LQJ EHKDYLRXU
DQG LQWDNH RI VKHHS DQG FDWWOH ZDV VKRZLQJ WKLV
FRXOGEHFKDUDFWHULVHGWRRLQWHUPVRIDµYHJHWDWLRQ
VWDWH¶ DV RSSRVHG WR WU\LQJ WR HVWLPDWH D IHHG
µDOORZDQFH¶6RPHSUDFWLFDO WULDOV VKRZHG WKDW ZH
FRXOG HYHQ SUHGLFW WKH PRUSKRORJ\ WLOOHULQJ DQG
ÀRZHULQJ EDVHG RQ VLPSOH PHDVXUHPHQWV RI WKH
VWDWH RI WKH VZDUG DW GLIIHUHQW WLPHV RI \HDU 7DONV
ZLWKWKH0HDWDQG/LYHVWRFN&RPPLVVLRQDQG0$))
OHGWKHPWRKHOSXVSURPRWHVHDVRQDOµVZDUGVXUIDFH
KHLJKW¶JXLGHOLQHVIRUPDQDJHPHQWXVLQJFDOHQGDUV
WKDWKXQJRQPDQ\DIDUPRI¿FHZDOO7KHVHZRUNHG
SDUWLFXODUO\ZHOOZKHUHDODUJHSURSRUWLRQRIWKHIDUP
ZDV JUD]HG PRUH RU OHVV FRQWLQXRXVO\ DQG ZKHUH
PRQLWRULQJPDGH LW SRVVLEOH WR RSWLPLVH SURGXFWLRQ
RQ WKH JUD]HG DUHD E\ DOWHULQJ WKH DUHD JUD]HG
DQG VR JLYLQJ HYHU\ LQGLFDWLRQ RI KRZ WR LQWHJUDWH
WKHPDQDJHPHQWRIJUD]LQJDQGFRQVHUYDWLRQ7KLV
KDGDOZD\VEHHQDYHU\GLI¿FXOWWDVNRQIDUPV,WZDV
SHUKDSV WKDW IDUPHUV ZHUH HQFRXUDJHG WR PRQLWRU
WKHVWDWHRI WKHLUSDVWXUHVPRUHFORVHO\UDWKHU WKDQ
WR XQGHUVWDQG WKH µKHDY\ VFLHQFH¶ EHKLQG LW WKDW
UHDSHGWKHEHQH¿WVRIWKLVVLPSOHDSSURDFK6RPHRI
WKRVHFDOHQGDUVVWLOOKDQJRQRI¿FHZDOOVDVIDUD¿HOG
DV 1= DQG D QHZ WUDQFKH RI JUDVVODQG VWXGHQWV
VHHP EHQW RQ UHGLVFRYHULQJ WKH SULQFLSOHV WRGD\
7RQ\3DUVRQV+XUOH\±1RUWK:\NH±
6HYHUDO DWWHPSWV KDYH EHHQ PDGH WR DYRLG WKH
FRQÀLFWEHWZHHQWKHXVHRIWKHDQLPDODVDQHI¿FLHQW
KDUYHVWLQJ PDFKLQH DQG WKH QHHG WR DFKLHYH KLJK
OHYHOV RI LQWDNH SHU DQLPDO 7KH OHDGHUIROORZHU
DSSURDFKZDVSLRQHHUHGE\5R\%ODVHULQ86$LQWKH
HDUO\ V DQG LQYROYHV URWDWLRQDO JUD]LQJ ZLWK WKH
SUHIHUUHGVWRFNZLWKKLJKQXWULHQWGHPDQGJUD]LQJWKH
SDGGRFNDKHDGRIDQLPDOVZLWKORZHUQXWULHQWGHPDQG
IRUZKLFKKLJKLQGLYLGXDODQLPDOLQWDNHLVQRWUHTXLUHG
DQG IRUZKLFKJUD]LQJFDQEHVHYHUH)RUZDUGFUHHS
JUD]LQJ ZLWK ODPEV LQ IURQW RI HZHV XVHG E\ %RE
/DUJH DQG -LP7D\OHU LQ WKHPLG V LV D YDULDQW
RI OHDGHUIROORZHU JUD]LQJ ZLWK DGGLWLRQDO SRWHQWLDO
DGYDQWDJHV LQ SDUDVLWH FRQWURO 6LQFODLU 0D\QH DW
1RUWK:\NH GHPRQVWUDWHG ODUJH DGYDQWDJHV LQPLON
SURGXFWLRQIRUDJURXSRI OHDGHUVSULQJFDOYLQJFRZV
EXW KLVZRUN DOVR LOOXVWUDWHG WKH SRWHQWLDO SUREOHPRI
WRRPXFKVDFUL¿FHLQWKH\LHOGRIIROORZHUV
/HJXPHV  &RQVLGHUDEOH DWWHQWLRQ KDV EHHQ SDLG
WR IRUDJH OHJXPHV DW ERWK +XUOH\ DQG 1RUWK :\NH
,QWHUHVW KDVEHHQ VXVWDLQHGERWKE\ WKH FRQWULEXWLRQ
RIOHJXPHVWRQLWURJHQHFRQRP\RIWKHVZDUGDQGE\
WKH KLJK QXWULWLYH YDOXH RI OHJXPHV ,Q  'DYLG
7KRPVRQFROODWHGH[SHULPHQWVLQYROYLQJFRPSDULVRQV
LQ SHUIRUPDQFH EHWZHHQ DQLPDOV IHGZKLWH FORYHU RU
SXUH JUDVV +H IRXQG WKDW OLYHZHLJKW JDLQ RI VKHHS
ZDVRQDYHUDJHJUHDWHUZLWKZKLWHFORYHUWKDQ
ZLWKJUDVVZKLOVW WKHHPSW\ERG\ZHLJKWJDLQRIFDWWOH IHGZKLWHFORYHUZDVJUHDWHU WKDQ
WKDWZLWKJUDVV:KLWHFORYHUZDVVKRZQWR
KDYHDJUHDWHUQXWULWLYHYDOXHWKDQJUDVVIRU
DOO FODVVHV RI UXPLQDQW OLYHVWRFN ZKHWKHU
JUD]HG]HURJUD]HGGHK\GUDWHGRUHQVLOHG
+LJK OHYHOV RI LQWDNH DSSO\ DOVR ZLWK UHG
FORYHU OXFHUQHDQGVDLQIRLQEXWZLWKWKHVH
FURSV GLJHVWLELOLW\ DW KDUYHVW LV RIWHQ ORZHU
WKDQ ZLWK JUDVVHV DQG WKHUH PD\ EH
SUREOHPV ZLWK ZHHG LQJUHVV DQG
SHUVLVWHQFH &DOFXODWLRQV E\ &KULV 'R\OH
LQGLFDWHGHFRQRPLFDGYDQWDJHVIRUV\VWHPV
EDVHGRQZKLWHFORYHUDQGRQ OXFHUQHEXW
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*UD]LQJH[SHULPHQWDW1RUWK:\NH
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WKHUHZDVOLWWOHDGRSWLRQRIOHJXPHEDVHGV\VWHPVLQWKHSHULRGXSWRDERXW,WLVSHUKDSV
UHJUHWWDEOH WKDW WKH ,QVWLWXWHKDGQRW VHWXSDQGH[DPLQHGZKROH V\VWHPVRISURGXFWLRQ7KLV
GH¿FLHQF\ZDVSDUWLDOO\UHFWL¿HGDW1RUWK:\NHE\-RQ1HZWRQDQG-RKQ0RUULVRQ-RQ1HZWRQ
VHWXSFORYHUEDVHGVKHHSSURGXFWLRQV\VWHPVLQWKHHDUO\VDQG-RKQ0RUULVRQSDUWLFLSDWHG
ZLWK WKH 0HDW DQG /LYHVWRFN &RPPLVVLRQ LQ RQIDUP SURMHFWV ZLWK ZKLWH FORYHU XVH LQ EHHI
SURGXFWLRQ7KHVHZHUHGHYHORSHG IXUWKHUE\5REHUW2UUZLWKDGHPRQVWUDWLRQDW1RUWK:\NH
RIDORZLQSXWFORYHUEDVHGV\VWHPDVSDUWRIWKHµ3DVWXUHLQWR3UR¿W¶SURMHFWIXQGHGE\0$))
7KHGHYHORSPHQWRIRUJDQLFSURGXFWLRQIURPWKHVKDVSURYLGHGFRQVLGHUDEOHVWLPXOXVIRU
DQGSUDFWLFDOH[SHULHQFHLQWKHGHYHORSPHQWRIFORYHUEDVHGV\VWHPVZLWKZRUNRQRUJDQLFPLON
SURGXFWLRQLQ,*(5DW7UDZVJRHGSURYLGLQJDJRRGH[DPSOH
0DL]H  5HVHDUFK RQ PDL]H FRPPHQFHG DW +XUOH\ LQ  ZLWK DJURQRPLF VWXGLHV RQ WKH
GHYHORSPHQWRIWKHFURSE\-DFN+HDUG-LP&RUUDOODQG5RJHU6KHOGULFNDORQJVLGHSDUDOOHOZRUN
ZLWKVRUJKXPDQGRWKHUZKROHFURSFHUHDOV2I WKHVHDQQXDOFURSVPDL]HZDVRXWVWDQGLQJ LQ
WHUPVRIERWK\LHOGDQGGLJHVWLELOLW\DWWULEXWHVWKDWFRQWULEXWHGWRWKHPDMRUVXEVHTXHQWDGRSWLRQ
RI PDL]H DV D FURS IRU VLODJH WKRXJKPXFK RI (QJODQG ZKLFK LV VWLOO H[SDQGLQJ ZLWK IXUWKHU
GHYHORSPHQWRILPSURYHGYDULHWLHV
:RUNRQPDL]HVLODJHVWDUWHGLQZLWKVWXGLHVE\-LP7D\OHUDQG&KULV/RQVGDOHRQWKHXVH
RIPDL]HLQEHHISURGXFWLRQ7KLVZDVGHYHORSHGVXEVHTXHQWO\E\0LNH:LONLQVRQWRJHWKHUZLWK
&OHG7KRPDV ,QHV3HQQLQJDQG'HQQLV2VERXUQ WRSURGXFHDQ LQWHQVLYHEHHIV\VWHPEDVHG
RQKRXVHGDQLPDOVIHGPDL]HVLODJHIURPWKHDJHRIWKUHHPRQWKVZLWKORZOHYHOVRIFRQFHQWUDWH
IHHGLQJ0XFK RI WKH UHVHDUFK ZDV FRQFHUQHG ZLWK VDWLVI\LQJ WKH UHTXLUHPHQWV RI WKH \RXQJ
DQLPDOV IRU SURWHLQ:LWKRXW VXSSOHPHQWDWLRQ WKH LQWDNHRIPDL]H VLODJHE\ \RXQJ FDWWOHZDV
IRXQGWREHORZ,QFUHDVHVLQLQWDNHDQGSHUIRUPDQFHUHVXOWHGIURPWKHDGGLWLRQRIQRQSURWHLQ
QLWURJHQHLWKHUDWHQVLOLQJRUIHHGLQJEXWWKHUHZDVVWLOODUHTXLUHPHQWLQ±PRQWKROGFDWWOHIRU
VRPHVXSSOHPHQWDWLRQZLWKYHJHWDEOHRU¿VKSURWHLQ%UXFH&RWWUHOODQG'DYLG%HHYHUTXDQWL¿HG
WKHVXSSO\RIDPLQRDFLGVWRWKHFDWWOHIURPXQGHJUDGHGIHHGSURWHLQDQGIURPPLFURELDOSURWHLQ
DQGFRQ¿UPHGWKHUHVSRQVHVWRVXSSOHPHQWVZLWKORZGHJUDGDELOLW\LQWKHUXPHQ3DUDOOHOWRWKLV
ZRUNRQEHHISURGXFWLRQDW+XUOH\5LFKDUG3KLSSVDQGKLVFROOHDJXHVDW6KLQ¿HOGGLGPXFKWR
HVWDEOLVKWKHSRVLWLRQRIPDL]HLQPLONSURGXFWLRQV\VWHPV
,QVWLWXWHVWDIISDUWLFLSDWHGLQWKHODWHVDQGVLQWKHDFWLYLWLHVRIWKH0DL]H'HYHORSPHQW
$VVRFLDWLRQ DQG SURGXFHG ERRNOHWV IRU IDUPHUV /LNHZLVH LQ WKH V DQG V VWDII IURP
+XUOH\ DQG 6KLQ¿HOG VWURQJO\ VXSSRUWHG WKH VXFFHVVRU RUJDQLVDWLRQ WKH 0DL]H *URZHUV
$VVRFLDWLRQ7KHVH OLQNDJHV FRQWULEXWHG WR UDSLG DQG HIIHFWLYH WHFKQRORJ\ LQWHUDFWLRQZLWK WKH
PDL]HFURS
+(5%$*(48$/,7<$1'87,/,6$7,21
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.H\2XWSXWV
.H\RXWSXWVLQFOXGH
 'HYHORSPHQW RI PHWKRGRORJ\ IRU GHWHUPLQLQJ LQ YLYR GLJHVWLELOLW\ DQG HVWDEOLVKLQJ
 GLIIHUHQFHVZLWKSODQWJURZWKVWDJHDQGVSHFLHVDQGPHWKRGRIFRQVHUYDWLRQ
 'HYHORSPHQW RI LQ YLWUR DQG JDV SURGXFWLRQ WHFKQLTXHV IRU DVVHVVLQJ GLJHVWLELOLW\
 DQGUDWHRIGLJHVWLRQRQVPDOOVDPSOHVRIIRUDJH
 ,QFUHDVHGXQGHUVWDQGLQJRIFHOOZDOOFKHPLVWU\LQUHODWLRQWRIRUDJHGLJHVWLRQDQGXSJUDGLQJ
 ,GHQWL¿FDWLRQRIIDFWRUVOLPLWLQJWKHLQWDNHRIIUHVKGULHGHQVLOHGDQGJUD]HGIRUDJHVDQG
 GHYHORSLQJPHWKRGVWRLQFUHDVHLQWDNH
 'HPRQVWUDWLQJWKHSUHYDOHQFHDQGLPSRUWDQFHRIUXPHQIXQJLDQGDVFHUWDLQLQJOLIHF\FOH
 DQGVXUYLYDOVWDJHV
 'HYHORSPHQW RI WHFKQLTXHV IRU DVVHVVLQJ HQHUJ\ DQG SURWHLQ XWLOLVDWLRQ DQG WLVVXH
 PHWDEROLVP
 (VWDEOLVKLQJ UHDVRQV IRU ORZ HI¿FLHQF\ RI SURWHLQ DQG HQHUJ\ XVH ZLWK IRUDJHV DQG
 LGHQWLI\LQJPHDQVRILPSURYLQJXWLOLVDWLRQE\YDU\LQJWKHIRUDJHPHWKRGRIFRQVHUYDWLRQ
 DQGW\SHRIVXSSOHPHQWXVHG
 3URGXFWLRQRIPRGHOVWRSUHGLFWQXWULHQWVXSSO\WRWKHDQLPDO
 'HYHORSPHQWDQGSDWHQWLQJRIHTXLSPHQWIRUPRQLWRULQJWKHEHKDYLRXURIJUD]LQJDQLPDOV
 'HYHORSPHQW RI LPSURYHGPHWKRGV RI JUD]LQJ LQFOXGLQJPDQDJHPHQW WR VZDUG KHLJKW
 JXLGHOLQHV
 +LJKOLJKWLQJ WKH LPSRUWDQFH RI WKH VWUXFWXUH RI WKH DQLPDO SRSXODWLRQ LQ GHWHUPLQLQJ
 HI¿FLHQF\RIIHHGXWLOLVDWLRQDQGLGHQWLI\LQJWKHLPSRUWDQFHRIPDLQWHQDQFHUHTXLUHPHQW
 UHSURGXFWLYHUDWHDQGOHYHORIRXWSXW
 ,GHQWLI\LQJUHDVRQVIRUWKHKLJKQXWULWLYHYDOXHRIOHJXPHVDQGGHYHORSLQJV\VWHPVEDVHG
 RQZKLWHFORYHU
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7KH(DUO\'D\V)RXQGDWLRQVRI*UDVVODQG&URS1XWULHQW5HVSRQVHV
6RLO VFLHQFH KDV DOZD\V IHDWXUHG DV DQ HVVHQWLDO SDUW RI WKH ,QVWLWXWH¶V SURJUDPPH DQG DV D
FRPSRQHQW RI WKH LQWHJUDWHG DSSURDFK WR WKH GHOLYHU\ RI LWV UHVHDUFK ,Q WKH LQLWLDO SKDVH RI
GHYHORSPHQWVRLOVUHODWHGZRUNZDVSDUWLFXODUO\IRFXVVHGRQWKHDJURQRPLFDVSHFWVRIRSWLPLVLQJ
VXSSOLHVRIWKHPDMRUQXWULHQWVWRPD[LPLVHIRUDJHFURSJURZWKWRLQFUHDVHIRRGIHHGDQG¿EUH
SURGXFWLRQ 7KHZRUNZDVYHU\PXFKEDVHG WKHUHIRUHRQWKHFRQFHSWRI WKHUHVSRQVHFXUYH
WRGH¿QHFRQGLWLRQVWKDWZRXOGHQDEOHIDUPHUVWRSURGXFHWKHPD[LPXPDPRXQWRIGU\PDWWHU
IRU WKHLUSDUWLFXODUFLUFXPVWDQFHV7ULDOVDW+XUOH\DQG WKURXJKRXW WKHFRXQWU\ WKH*0VHULHV
HVWDEOLVKHG WKHEDVLVRI IHUWLOLVHU UHFRPPHQGDWLRQVFKHPHV IRUJUDVVODQGV WKDWZRXOGKROG IRU
GHFDGHV$WWKHVDPHWLPH&RQ&OHPHQW'HUHN&RZOLQJDQG'DYLG:KLWHKHDGZHUHHVWDEOLVKLQJ
WKHEDFNJURXQGWRXQGHUVWDQGLQJWKHFRQWUROVRYHUPDMRUDQGPLQRUQXWULHQWVXSSOLHVLQJUDVVODQG
VRLOV ZLWK LPSRUWDQW ZRUN IRU H[DPSOH OLQNLQJ VRLO SRWDVVLXP VWDWXV ZLWK FURS FRQWHQW DQG
UHTXLUHPHQWV'DYLG:KLWHKHDGSURGXFHGDVHULHVRIDXWKRUDWLYHERRNVWKDWGH¿QHGWKHQRUPDO
UDQJHV IRU WKH QXWULHQW VWDWXV RI WHPSHUDWH JUDVVODQG VSHFLHVZKLFK DJDLQ EHFDPH LPSRUWDQW
UHIHUHQFHVRXUFHVIRUWKH8.DQGEH\RQG
,WZDVDOVRDW WKLV WLPH WKDW7HG*DUZRRGDQGFROOHDJXHVHVWDEOLVKHGD VHULHVRI ODUJH LQWDFW
LVRODWHGPRQROLWKO\VLPHWHUVZKLFKXQIRUHVHHQDWWKLVWLPHZRXOGSURYLGHWKHEDVLVRIVRPHRI
WKHHDUO\ZRUNZKLFKORRNHGDWWKHIDWHRIQLWURJHQLQJUDVVODQGVRLOV7HG*DUZRRGDOVRPDGH
LPSRUWDQWREVHUYDWLRQVRQWKHGLVWULEXWLRQRIURRWVLQVRLOVDQGWKHLQWHUDFWLRQEHWZHHQURRWVZDWHU
VXSSO\DQGWKHSHUIRUPDQFHRIWKHFURS/RQJWHUP¿HOGVFDOHWULDOVHVWDEOLVKHGRQWKHIUHHO\
GUDLQLQJ VRLOV DW +XUOH\ WR ORRN DW FURS UHVSRQVHV
ZRXOG DJDLQ IRUP DQ LPSRUWDQW EDVH RQ ZKLFK ODWHU
REVHUYDWLRQV RQ QLWUDWH OHDNDJH ZHUH IRXQGHG
0HDVXUHPHQW RI FKDQJHV LQ VRLO RUJDQLFPDWWHUZLWK
FKDQJHV LQ FURSSLQJPDQDJHPHQW SURYLGHGDQHDUO\
IRUHUXQQHURIWKHFXUUHQWLQWHUHVWLQFDUERQVWRUDJHLQ
VRLOV7KHORQJWHUPWULDOVWKDWZHUHDEDQGRQHGZKHQ
WKH +XUOH\ VLWH FORVHG ZRXOG KDYH EHHQ D IDQWDVWLF
UHVRXUFHIRUWKHFXUUHQWLVVXHVFRQFHUQHGZLWKFDUERQ
VWRUDJH LQVRLOVDQGHIIHFWVRIFOLPDWHFKDQJH7KHUH
ZHUHDOVRVWXGLHVRQRSWLPLVLQJWKHUROHRIFORYHUDQG
RWKHUOHJXPHVLQVZDUGVDQGQLWURJHQVXSSOLHV
&KDQJLQJ)RFXVDW+XUOH\
7KHFKDQJLQJQDWXUHRIWKH,QVWLWXWH¶VEULHIDQGWKHDUULYDORI/OR\G-RQHVUHVXOWHGLQDVXEVWDQWLDO
FKDQJHLQWKHQDWXUHRIWKHUHVHDUFK0RUHEDVLFVWXGLHVRQWKHQXWULWLRQRISODQWVE\&RQ&OHPHQW
,QVWDOODWLRQRILQWDFWVRLOO\VLPHWHUVDW+XUOH\LQ
,QWKHVL[WHHQO\VLPHWHUVZHUHUHLQVWDOOHGDW
1RUWK:\NHZKHUHWKH\DUHVWLOOLQXVH

)ORZLQJ6ROXWLRQ&XOWXUH
([FHVVLYHRU µOX[XU\¶ XSWDNHRI SRWDVVLXPE\JUDVV
FDQFDXVHSUREOHPVRIK\SRPDJQHVHPLDLQODFWDWLQJ
GDLU\FRZV7KLVSURPSWHGWKHTXHVWLRQRIZKDWZDV
WKH ORZHVW FRQFHQWUDWLRQ EHORZ ZKLFK SODQW URRWV
ZRXOGEHXQDEOH WRH[WUDFWSRWDVVLXP IURP WKHVRLO
VROXWLRQ"7RH[SORUHWKLVJUDVVZDVJURZQLQVWDWLF
ZDWHU FXOWXUH K\GURSRQLFV EXW PDLQWHQDQFH RI D
ORZVSHFL¿HGFRQFHQWUDWLRQSURYHGLPSRVVLEOHDQG
HQFRXUDJHGE\/OR\G-RQHVDSURMHFWWRFRQVWUXFWD
ÀRZLQJVROXWLRQFXOWXUH V\VWHP ZDV GHYLVHG LQ WKH
HDUO\V$ WHDP OHGE\&RQ&OHPHQWZLWK0LNH
+RSSHU DQG RWKHU FROOHDJXHV DFKLHYHG D ZRUOG
EHDWLQJ V\VWHP EDVHG RQ LRQVHOHFWLYH HOHFWURGHV
7KLVHQDEOHGSODQW URRWV WREHFRQWLQXRXVO\EDWKHG
LQ D QXWULHQW VROXWLRQ ZKLFK ZDV UHSOHQLVKHG YLD
SHULVWDOWLFSXPSVLQUHVSRQVHWRUHPRYDORIQXWULHQWV
E\ WKH SODQWV %\ WKLV PHDQV XSWDNH FRXOG EH
IROORZHGRYHULQWHUYDOVRIMXVWDIHZPLQXWHVDQGWKH
HIIHFWVRI OLJKW WHPSHUDWXUHFXWWLQJQXWULHQWVXSSO\
HWFFRXOGEHHYDOXDWHG&RQWURORIWKHFRQFHQWUDWLRQ
RIPDMRUQXWULHQWVZDVDFKLHYHGLQFOXGLQJSRWDVVLXP
QLWUDWH DPPRQLXP SKRVSKRUXV DQG S+ DQG RWKHU
QXWULHQWVZHUHVXSSOLHGSURUDWD,QDYHU\SURGXFWLYH
GHFDGH RYHU  SDSHUV ZHUH SXEOLVKHG IURP
H[SHULPHQWV XVLQJ WKH V\VWHP DQG E\ OLQNLQJ
XS ZLWK WKH µ0RRQ 0DFKLQH¶ WKH DHULDO FDQRS\
DERYH WKH VZDUG ZDV HQFORVHG WR PHDVXUH
VLPXOWDQHRXVO\ SKRWRV\QWKHVLV DQGQXWULHQW XSWDNH 
$QRWKHU¿UVW
7KH V\VWHPQRZ UHVLGHV DW ,%(56$EHU\VWZ\WK ,W
LVPDQDJHGE\-DPHV0DFGXIIDQG LVDNH\ WRRO LQ
EUHHGLQJJUDVVHVDQGOHJXPHVIRULPSURYHGQXWULHQW
XVHHI¿FLHQF\
'DYLG+DWFK+XUOH\±1RUWK:\NH±
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0LNH +RSSHU DQG 'DYLG +DWFK WUDFH HOHPHQWV
LQFOXGLQJ WR[LF PHWDOV /OR\G -RQHV 6WHYH -DUYLV
DQG 'DYLG :KLWHKHDG DQG WKH VXSSOLHV RI VXOSKXU
'HUHN&RZOLQJDQG'DYLG/RFN\HUEURXJKWDJUHDWHU
LQWHUQDWLRQDOÀDYRXUWRWKHSURJUDPPHDQGFDSLWDOLVHG
RQWHFKQLTXHVDQGDSSURDFKHVHVWDEOLVKHGHOVHZKHUH
EXW VHW WKHLU RZQ VWDQGDUGV IRU RWKHUV WR IROORZ ,Q
SDUWLFXODU WKH ÀRZLQJVROXWLRQ FXOWXUH V\VWHP IRU
VXVWDLQLQJ ORZ UHDOLVWLF QXWULHQW FRQFHQWUDWLRQV DW
SODQW URRW VXUIDFHVZDV DZRUOG OHDGHU LQ LQFUHDVLQJ
XQGHUVWDQGLQJRIWKHFRQWUROVRYHUHOHPHQWDOEHKDYLRXU
DQG LPSDFW LQ SODQW SDUWV ZKROH SODQWV DQG FURS
FDQRSLHV XQGHU FRQWUROOHG FRQGLWLRQV 7KLV V\VWHP
ZLWK FRQWULEXWLRQV IURP D VHULHV RI UHVHDUFK IHOORZV
IURP5HDGLQJ8QLYHUVLW\DQGPDQ\LQWHUQDWLRQDOYLVLWLQJ
UHVHDUFK ZRUNHUV SURGXFHG DQ LPSRUWDQW VHULHV RI
SDSHUVKHOSLQJ WRGH¿QH WKH UHJXODWRU\FRQWUROVRYHU
QLWURJHQ SKRVSKRUXV DQG SRWDVVLXP XSWDNH DQG
XWLOLVDWLRQE\JUDVVODQGSODQWV7KLVZRUNGHPRQVWUDWHG
IRUH[DPSOHGLIIHUHQFHVEHWZHHQSODQWVLQWKHLUQLWUDWH
DQG DPPRQLXP QXWULWLRQV WKH HIIHFWV RI FXWWLQJ DQG
RWKHU VLPXODWHG PDQDJHULDOHQYLURQPHQWDO FRQWUROV
RQ QXWULHQW GHPDQG XSWDNH DQG XWLOLVDWLRQ HIIHFWV
RI QLWURJHQ VXSSO\ RQ ¿[DWLRQ E\ JUDVVODQG OHJXPHV
DPRQJVWRWKHUHIIHFWV2WKHUZRUNGH¿QHGLQWHUDFWLRQV
EHWZHHQVXSSOLHVXSWDNHDQGGLVWULEXWLRQVRIFRSSHU
FDGPLXPPDQJDQHVHDQGVLOLFRQLQJUDVVHVDQGRWKHU
SODQWV7KHV\VWHPRIÀRZLQJVROXWLRQFXOWXUH¿UVWIXOO\
RSHUDWLRQDOLQWKHHDUO\VZDVWUDQVSRUWHGORFNVWRFNDQGEDUUHOWR$EHU\VWZ\WKZKHQ+XUOH\
FORVHGZKHUHLWFRQWLQXHVWRIXQFWLRQHIIHFWLYHO\
LQUHVHDUFKOHGE\-DPHV0DFGXII
'HUHN&RZOLQJZLWK'DYLG/RFN\HUHVWDEOLVKHG
V\VWHPV WKDW GHPRQVWUDWHG WKH UROH WKDW
DWPRVSKHULF GHSRVLWLRQ RI VXOSKXU KDG LQ
VXVWDLQLQJVXSSOLHVRIWKLVHOHPHQWWRLQWHQVLYH
JUDVVODQG V\VWHPV DQG WKH HIIHFWV RI VXOSKXU
GLR[LGH KDG RQ FURS UHVSRQVHV ([SRVXUH
FKDPEHUV ZHUH EXLOW WR PDLQWDLQ FRQVWDQW
FRQFHQWUDWLRQV RI VXOSKXU GLR[LGH DW OHDI
VXUIDFHV WR GHWHUPLQH HIIHFWV RQ JUDVVODQG )ORZLQJVROXWLRQFXOWXUHV\VWHPDW+XUOH\LQV

SODQWV 7KLV UHVHDUFK FOHDUO\ GHPRQVWUDWHG WKH
SRVVLELOLW\ RI VXOSKXU GH¿FLHQFLHV GHYHORSLQJ RQ
PDQ\8. VRLOV LQ WKH DEVHQFH RI DQ DWPRVSKHULF
LQSXW RI VXOSKXU GLR[LGH 5HVHDUFK OHG E\ 6WHYH
-DUYLVRQKHDY\PHWDOGLVWULEXWLRQLQVRLOVDQGHIIHFWV
RI SODQWV DQG VXSSOLHV RI HVVHQWLDO WUDFH PHWDOV
VXFK DV FRSSHU IURP VRLOV WR SODQWV DQG WKHQ WR
DQLPDOV ZDV DOVR DQ LPSRUWDQW FRPSRQHQW RI WKH
ZRUNDWWKLVWLPH
1LWURJHQKDGEHHQD IRFXVRI WKHZRUNRI WKH ,QVWLWXWH IURP WKHRXWVHWEXW WKHDUULYDORI -RKQ
5\GHQLQEURXJKWDUDQJHRIQHZWHFKQLTXHVWRH[DPLQHDOODVSHFWVRIWKHQLWURJHQF\FOHLQ
JUDVVODQGV7KLVHQDEOHGWKHZRUNWRWDNHVHYHUDOODUJHDQGLPSRUWDQWVWHSVIRUZDUG7KLVZDV
FRLQFLGHQWZLWKDULVLQJLQWHUHVWLQWKHHQYLURQPHQWDODVSHFWVRIJUDVVODQGPDQDJHPHQWE\IXQGHUV
DQGSROLF\PDNHUV)XUWKHUWKHDFTXLVLWLRQRIWKH1RUWK:\NHVWDWLRQZLWKLWVYHU\FRQWUDVWLQJVRLO
SRRUO\GUDLQHGVLOW\FOD\ORDPWRWKDWDW+XUOH\IUHHO\GUDLQLQJORDPRYHUFKDONSURYLGHGWKH
RSSRUWXQLW\WRH[WHQGVWXGLHVWRLQFOXGHDQLPSRUWDQWUHSUHVHQWDWLYHVRLOW\SHIRUORZODQGJUDVVODQG
LQWKH8.7KHLQVWDOODWLRQRIWKH5RZGHQ¿HOGVFDOHK\GURORJLFDOO\LVRODWHGO\VLPHWHUVSURYLGHG
DQLPSRUWDQWSODWIRUPQRWRQO\IRULWVRULJLQDOSXUSRVHWKHLPSDFWRIGUDLQDJHFRQGLWLRQVRQGU\
PDWWHUDQGEHHISURGXFWLRQEXWDOVRIRUVWXGLHVRIWKHFRPSDUDWLYHEHKDYLRXURIQLWURJHQLQWKHVH
JUDVVODQGW\SHV-RKQ5\GHQDQG7HG*DUZRRGGHPRQVWUDWHGDWDQHDUO\VWDJHWKHUROHRIWKH
DQLPDO LQ UHF\FOLQJQLWURJHQDQGFUHDWLQJ ORFDOVXUSOXVHV LQ WKHVRLOZKLFK OHDG WRPXFK ODUJHU
OHDFKLQJ ORVVHV WKDQKDGEHHQUHFRUGHGXQGHUJUDVVODQG
WKDWKDGEHHQKDUYHVWHG IRUZLQWHU IHHG$GGLWLRQDOO\ WKH
DUULYDORI%UDLQ3DLQDW+XUOH\IROORZLQJWKHFORVXUHRI1,5'
DW6KLQ¿HOGEURXJKWDQRWKHUGLPHQVLRQWRWKHVWXGLHVWKDWRI
WKHLPSDFWRIQLWURJHQDSSOLHGLQPDQXUHVVOXUULHVDQGVROLG
PDQXUHVVXFKDVIDUP\DUGPDQXUHIURPKRXVHGOLYHVWRFN
7KURXJKRXW WKH V DQG V WKLV DUHD RI ZRUN LQ
UHDFWLRQ WR WKH VKLIWLQJ JRYHUQPHQWDO SROLF\ FKDQJHV
IURP IRRG SURGXFWLRQ WR HQYLURQPHQWDO DLPV DQG WDUJHWV
SURGXFHGSLRQHHULQJLQIRUPDWLRQRQDVSHFWVRIWKHQLWURJHQ
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,VRWRSH5DWLR0DVV6SHFWURPHWU\
8S XQWLO WKH V WKH SUHSDUDWLRQ RI PDWHULDO IRU
LVRWRSH UDWLR PDVV VSHFWURPHWU\ ZDV D ODERULRXV
EXVLQHVV LQYROYLQJ DOO VRUWV RI GLJHVWLRQ DQG
GLVWLOODWLRQSURFHGXUHV1LWURJHQKDGWREHFRQYHUWHG
¿UVW WR DPPRQLXP1 DQG WKHQ WR QLWURJHQ JDV E\
DONDOLQHOLWKLXPK\SREURPLWHLQWKHFRPSOHWHDEVHQFH
RIDLU,QFRPSOHWHFRQYHUVLRQDQGFURVVFRQWDPLQDWLRQ
ZHUHHYHUSUHVHQWVRXUFHVRIHUURU
,Q,EHJDQH[SORULQJWKHSRVVLELOLW\RIOLQNLQJDQ
DXWRPDWHG FRPEXVWLRQDQDO\VHU WR DQ LVRWRSH UDWLR
PDVV VSHFWURPHWHU WKHUHE\ HOLPLQDWLQJ DOO WKHVH
SUHSDUDWRU\VWHSV-HUU\:KLWHZD\EHFDPHLQWHUHVWHG
LQ WKH VRIWZDUH FRQWURO DVSHFWV RI WKH SURMHFW DQG
WRJHWKHU ZH RYHUFDPHPDQ\ VHHPLQJO\ LPSRVVLEOH
SUREOHPVWRGHYHORSDVXFFHVVIXOV\VWHP
2WKHU UHVHDUFK JURXSV ZHUH DOVR ZRUNLQJ RQ WKH
SUREOHPDQGZHZHUHMXVWEHDWHQLQWKHSXEOLFDWLRQ
UDFHE\3UHVWRQDQG2ZHQV IURP3O\PRXWK0DULQH
/DERUDWRU\1RZ\RXFDQEX\VXFKV\VWHPVRII WKH
VKHOILI\RXKDYHHQRXJKPRQH\
5LFN0DUVKDOO+XUOH\±
0DVVVSHFWURPHWHUIRULVRWRSHDQDO\VLV1RUWK:\NH
(DUO\HTXLSPHQWIRUPHDVXUHPHQWRI
QLWURXVR[LGHORVVLQWKH¿HOG

F\FOH WKDW KDG QRW EHHQ WDFNOHG WR DQ\ JUHDW H[WHQW
EHIRUH LQ DOO FRPSRQHQWV RI D JUDVVODQG SURGXFWLRQ
F\FOH 7KXV LQIRUPDWLRQ RQ DPPRQLD YRODWLOLVDWLRQ
QLWURXVR[LGHSURGXFWLRQ QLWUDWH OHDFKLQJ WKH UROHRI
DQLPDOVDQGWKH LPSDFWRIH[FUHWDDQGPDQXUHVZDV
SURGXFHG ZKLFK ZDV HVVHQWLDO WR WKH GHYHORSPHQW
RI SROLFLHV E\ JRYHUQPHQW RQ QLWUDWH OHDFKLQJ
DWPRVSKHULFTXDOLW\DQGODWWHUO\FOLPDWHFKDQJH
&RQWLQXDWLRQDW1RUWK:\NH
1XWULHQWF\FOLQJ7KHWUDQVIHURIWKHZRUNWR1RUWK:\NHLQWKHVPHDQWWKDWWKHQLWURJHQ
VWXGLHVEHFDPHPRUHDQGPRUHFHQWUHGRQWKH5RZGHQH[SHULPHQW%\WKLVWLPH6WHYH-DUYLV
KDGDIWHU WKHHDUO\GHDWKRI-RKQ5\GHQ WDNHQRYHU WKLVDUHDRIUHVHDUFKDW+XUOH\DQGWKHQ
FRQWLQXHG LWV GHYHORSPHQW DW 1RUWK :\NH 'DYLG 6FKROH¿HOG DQG 7HG *DUZRRG KDG DOUHDG\
SURGXFHG LQIRUPDWLRQ IURPWKH5RZGHQH[SHULPHQW WKDWGHPRQVWUDWHG WKH LQWHUDFWLRQEHWZHHQ
VRLOFRQGLWLRQVZDWHUVXSSO\DQGFURSJURZWKDQGLPSRUWDQWO\DQGFULWLFDOO\DJDLQHPSKDVLVHG
WKHUROHRIWKHJUD]LQJDQLPDOLQFRQWUROOLQJQLWURJHQORVVHV$WWKLVWLPHWKHIXQGLQJIRUWKLVZRUN
EHFDPHPXFKPRUHFRPSHWLWLYHDQGRIWHQPXFKPRUHVKRUWWHUP1HYHUWKHOHVVWKHUHVHDUFKHUV
LQYROYHGDW1RUWK:\NHZHUHWUHPHQGRXVO\VXFFHVVIXOLQREWDLQLQJIXQGLQJIRUUHVHDUFKDQGWKH
ZRUNFRQWLQXHGWRSURGXFHERWK LPSRUWDQWDSSOLHGRXWSXWVZKLFKZHUHRI LPPHGLDWHUHOHYDQFH
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/HDFKLQJIURP*UD]HG*UDVVODQG
8QWLOWKHHDUO\VORVVHVRIQLWURJHQLQGUDLQDJH
IURPDJULFXOWXUHZHUHWKRXJKWPDLQO\WREHDVVRFLDWHG
ZLWKDUDEOHFXOWLYDWLRQDQGWKHOLPLWHGLQIRUPDWLRQIRU
JUDVVODQGZDVEDVHGRQPHDVXUHPHQWVPDGHXQGHU
FXW VZDUGV RU XVLQJ VRLOPRQROLWK O\VLPHWHUV'DWD
RQ OHDFKLQJ ORVVHV IURP JUD]HG JUDVVODQG EHJDQ
WR HPHUJH IURP UHVHDUFK DW +XUOH\ DQG IURP WKH
5RZGHQ'UDLQDJH([SHULPHQW HVWDEOLVKHG DW1RUWK
:\NH LQ  :RUN E\ 7HG *DUZRRG¶V WHDP ODLG
WKH IRXQGDWLRQV IRU XQGHUVWDQGLQJ WKH LQWHUDFWLRQV
EHWZHHQ IHUWLOLVHU DQLPDO H[FUHWD DQG VRLO
PLQHUDOLVDWLRQ ZKHQ VRLOV LQ WUDGLWLRQDO JUDVVODQG
JURZLQJDUHDVZLWKKLJKUDLQIDOOZHUHGUDLQHG

$VHPLQDOSDSHUE\-RKQ5\GHQ5RJHU%DOODQG7HG
*DUZRRG LQ 1DWXUH LQ  GHPRQVWUDWHG D PRUH
WKDQ ¿YHIROG LQFUHDVH LQ OHDFKLQJ SRWHQWLDO IRXQG
XQGHU JUD]HG VZDUGV FRPSDUHG ZLWK VLPLODUO\
IHUWLOLVHG FXW VZDUGV 7KHVH ORVVHV DOVR H[FHHGHG
ORVVHVQRUPDOO\DVVRFLDWHGZLWKDUDEOHODQG
)URP WKH ¿HOGVFDOH O\VLPHWHU VWXGLHV DW 1RUWK
:\NH OHDFKLQJ GDWD ZHUH REWDLQHG RYHU VHYHQ
\HDUVE\'DYLG6FKROH¿HOGDQGKLVFROOHDJXHVZKLFK
DYHUDJHGDQGNJQLWURJHQKDSHU\HDU IURP
JUD]HG VZDUGV UHFHLYLQJ  DQG  NJ QLWURJHQ
KD UHVSHFWLYHO\7KH\ZHQWRQ WRSURGXFHDPRGHO
RIWKHQLWURJHQÀRZVLQJUDVVODQG1&<&/(DQGWKH
ORVVHV WKDW RFFXU ZKHQ WKHUH LV DQ LPEDODQFH
EHWZHHQ XSWDNH RI QLWURJHQ E\ WKH VZDUG DQG WKH
VXSSO\RIQLWURJHQIURPWKHVRLO7KLVHDUO\PRGHOZDV
ODWHUH[WHQGHGDQG LPSURYHG1*$8*( WRSURYLGH
UHFRPPHQGDWLRQV IRU WKH WLPLQJDQGDSSOLFDWLRQVRI
IHUWLOLVHU WRPRUHFORVHO\PDWFK WKHGHPDQGVRI WKH
FURSDQGDYRLGVXUSOXVHVWKDWFRXOGEHYXOQHUDEOHWR
ORVV
'DYLG+DWFK+XUOH\±1RUWK:\NH±
+\GURORJLFDOO\LVRODWHGRQHKHFWDUHSORWVDW
5RZGHQZLWKVHYHQRIWKHSORWVEHLQJGUDLQHG
DQGVHYHQXQGUDLQHG

DQGXVHWRSROLF\PDNHUVDQGODQGPDQDJHUV,WDOVR
HQFRPSDVVHG VRPH IXQGDPHQWDO VWXGLHV RQ WKH
FRQWUROV RYHU QLWURJHQ G\QDPLFV IURP DOO DVSHFWV
LQ VRLOV DQG LWV VXEVHTXHQW IDWH 7KXV EDVLF
XQGHUVWDQGLQJRIQLWURJHQPLQHUDOLVDWLRQQLWUL¿FDWLRQ
DQGGHQLWUL¿FDWLRQPDGHVXEVWDQWLDOSURJUHVV
7KHUH ZDV E\ WKLV WLPH VXI¿FLHQW LQIRUPDWLRQ
DYDLODEOH WR LQGLFDWH WKDW DQRWKHU DSSURDFK WR WKH
EDVLVRIIRUPXODWLQJQLWURJHQUHFRPPHQGDWLRQVIRU
JUDVVODQGVKRXOGEHGHYHORSHGDQG'DYLG6FKROH¿HOG
WRRN WKH LQLWLDWLYH WR GHYLVH D QHZ V\VWHP 7KLV
GHSHQGHGXSRQDNQRZOHGJHRIDYDLODEOHQLWURJHQ
VXSSOLHV SUHVHQW LQ WKH VRLO E\ PHDQV RI D ¿HOG
WHVWNLWFRXSOHGZLWKSUHGLFWLRQRI LPPHGLDWHFURS
GHPDQGVDWVSHFL¿F WLPHV LQRUGHU WRUHJXODWH WKH
VXSSOLHVRIDQ\DGGLWLRQDOIHUWLOLVHUQLWURJHQDWWLPHV
DQGDPRXQWVUHTXLUHGWRPHHWWKDWGHPDQG$OWKRXJK
YHU\VXFFHVVIXO LQRSWLPLVLQJHI¿FLHQF\RIQLWURJHQ
IHUWLOLVHU XVH WKHUHZDV UHOXFWDQFH RQ WKH SDUW RI
IXQGHUVWRSURYLGHWKHPHDQVWRGHYHORSWKHVFKHPH
IXUWKHU +RZHYHU WKH FRQFHSWV LQYROYHG DQG WKH
UHVHDUFK ¿QGLQJV ZHUH H[WUHPHO\ LPSRUWDQW LQ
VWLPXODWLQJ WKH GHYHORSPHQW E\ 'DYLG 6FKROH¿HOG
DQGKLVFROOHDJXHVRIDQLPSRUWDQWVHULHVRIPRGHOV
WR SUHGLFW WKH EHKDYLRXU RI DQG WKH UHTXLUHPHQWV
IRU QLWURJHQ LQ JUDVVODQG PDQDJHPHQWV ,Q WKLV
DQG LQ RWKHU FRPSRQHQWV RI WKH UHVHDUFK DQ
XQGHUVWDQGLQJ RI WKH UROH RI WKH JUD]LQJ DQLPDO
FRQWLQXHGWREHHVSHFLDOO\LPSRUWDQW7KH¿HOGVFDOH
SORWV¿UVWO\DW+XUOH\DQG WKHQDW
5RZGHQRIDVXI¿FLHQWVFDOHWRDFFRPPRGDWHJUD]LQJOLYHVWRFNDQGWKHLUHIIHFWV
ZHUHLQVWUXPHQWDOLQKHOSLQJWRWULJJHUDFKDQJHLQWKLQNLQJWKURXJKRXWWKHZRUOG
RQQXWULHQWF\FOLQJHVSHFLDOO\RIQLWURJHQ6LPLODUO\ WKHOHYHORIXQGHUVWDQGLQJ
WKDWHYROYHGIURPWKHIXOOOLIHF\FOHFRQVLGHUDWLRQRIPDQXUHVDQGVOXUULHVHQDEOHG
DEHWWHUXQGHUVWDQGLQJRIQXWULHQWVXSSOLHVDQGORVVHV
%\WKHPLGVIXQGLQJSDWWHUQVKDGFRQWLQXHGWRHYROYHDQGZKLOVWQLWURJHQ
ZDVVWLOOLPSRUWDQWIXQGLQJIURP0$))ODWHU'HIUDZDVPXFKPRUHWDUJHWHGDW
VSHFL¿FRIWHQUHODWLYHO\VKRUWWHUPLQWHUHVWV7KHUHZDVKRZHYHUDQLQFUHDVHG
LQWHUHVWLQSKRVSKRUXVPRYHPHQWDZD\IURPVRLOVDQGLQWRZDWHUVDQGWKHDUULYDO
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7KH6XOSKXU6WRU\
'XULQJ WKH V WKH 8. ZDV HPLWWLQJ ¿YH PLOOLRQ
WRQQHV RI VXOSKXU GLR[LGH DQQXDOO\ DQG LW ZDV
VXVSHFWHG WKDWDW WKHFRQFHQWUDWLRQV IRXQG LQ UXUDO
(QJODQG GU\ GHSRVLWLRQ RI VXOSKXU GLR[LGH ZDV
FRQWULEXWLQJ WR WKH VXOSKXU QXWULWLRQ RI DJULFXOWXUDO
JUDVVODQG:RXOGDFOHDQDLUSROLF\OHDGWRVXOSKXU
GH¿FLHQF\"
:KHQU\HJUDVVZDVJURZQRQDZLGHYDULHW\RIVRLOV
LQ D FRQWUROOHG HQYLURQPHQW ZKHUH VXOSKXU GLR[LGH
ZDV¿OWHUHGRXWRIWKHDLUDQGZKHUHDOORWKHUQXWULHQWV
ZHUH DGHTXDWH WKH VRLO UHVHUYHV RI VXOSKXU ZHUH
RIWHQIRXQGWREHLQVXI¿FLHQW
'XULQJ  D VHULHV RI H[SRVXUH FKDPEHUV ZDV
GHVLJQHGDQGFRQVWUXFWHGE\'DYLG/RFN\HUDQG*LOO
(DU\ WR HQDEOH SODQWV WR EH H[SRVHG WR FRQWUROOHG
FRQFHQWUDWLRQVRIVXOSKXUGLR[LGHLQRUGHUWRHYDOXDWH
WKH FRQWULEXWLRQ PDGH E\ DWPRVSKHULF VXOSKXU
GLR[LGH WR WKH VXOSKXU VWDWXV -RLQW ZRUN ZLWK WKH
8QLYHUVLW\RI2[IRUGXVHG&2WRVWXG\WKHHIIHFWRQ
SKRWRUHVSLUDWLRQ DQG WKH HIIHFW RQ DPLQR DFLG
PHWDEROLVPZDVDOVRH[DPLQHG
0HDQZKLOH .HQ 7\VRQ KDG EHHQ HVWLPDWLQJ
DWPRVSKHULF LQSXWV RI VXOSKXU XVLQJ GDWD IURP
O\VLPHWHUV DQG WKLV OHG WR WKH VHWWLQJ XS LQ 
RI D IRXU\HDU O\VLPHWHU VWXG\ LQYROYLQJ GLIIHUHQW
DJULFXOWXUDOVRLOV7KHVHO\VLPHWHUVZHUHVXEVHTXHQWO\
WUDQVIHUUHGWR1RUWK:\NHZKHUHWKH\FRQWLQXHWREH
XVHG
%\WKHWLPH+XUOH\FORVHGWKHJUDVVODQGVXOSKXUVWRU\
ZDVODUJHO\XQGHUVWRRGEXWD¿HOGWULDOUXQE\(ODLQH
-HZNHVDW1RUWK:\NHLQWKHODWHVVKRZHGWKDW
VXOSKXUGH¿FLHQF\ZDVVWLOODQLPSRUWDQWLVVXHLQWKH
¿HOG0RUHRYHU WKHDSSOLFDWLRQRIJ\SVXP FDOFLXP
VXOSKDWH UHGXFHG QLWUDWH OHDFKLQJ SUHVXPDEO\ E\
HQDEOLQJWKHFURSWRXWLOLVHPRUHLQRUJDQLFQLWURJHQ
$QGUHZ%ULVWRZ+XUOH\±1RUWK:\NH±
&KDPEHUVWRH[SRVH
SODQWVWRFRQWUROOHG
FRQFHQWUDWLRQVRI
VXOSKXUGLR[LGH

RI 3KLO +D\JDUWK LQ PHDQW WKDW 1RUWK:\NH KDG DQ LPSRUWDQW
UROHWRSOD\LQVXSSO\LQJLQIRUPDWLRQWKDWZDVRIUHOHYDQFHWRQDWLRQDO
DQGLQWHUQDWLRQDOSROLFHVLQWKLVDUHD7KHZRUNZDVDOVRVLJQL¿FDQWLQ
UHLQIRUFLQJ WKH LPSRUWDQFHRIXQGHUVWDQGLQJHIIHFWVDWDOOVFDOHVDQG
H[WHQGHGWKHSURFHVVE\LQLWLDWLQJVWXGLHVWKDWWRRNWKHUHVHDUFKIURP
VRLOFUXPEWRVRLOSUR¿OHDQGIURP¿HOGVFDOHVXSWRFDWFKPHQWVFDOHV
$JDLQ WKHZRUNDW1RUWK:\NHZDV LQVWUXPHQWDO LQ WKHGHYHORSPHQW
DQGGHOLYHU\RIQHZDSSURDFKHVDQGLQIRUPDWLRQZKLFKREWDLQHGVWURQJ
LQWHUQDWLRQDOUHFRJQLWLRQ
2WKHUZRUNSURYLGHG LQIRUPDWLRQZKLFKXQGHUOLQHG WKH LPSRUWDQFHRI
SUHYLRXVVWXGLHVDW+XUOH\WKDWGHPRQVWUDWHGWKHOLNHOLKRRGRIVXOSKXU
GH¿FLHQFLHVZLWK WKHFOHDQHU IXHOVQRZEHLQJXVHG WRSURYLGHSRZHU
DQG D UHGXFWLRQ LQ VXOSKXU GHSRVLWLRQ ,W ZDV VKRZQ E\ 'DYLG
6FKROH¿HOG/RUQD%URZQDQG(ODLQH-HZNHV WKDWVRLOVQRZ ODFNLQJ
VXOSKXU ZHUH EHFDXVH RI WKLV GH¿FLHQF\ QRW XWLOLVLQJ WKH DYDLODEOH
QLWURJHQDQGWKXVFRXOGFUHDWHDJUHDWHUSRWHQWLDOIRUORVVHVRIQLWURJHQ
WRDLURUZDWHU2WKHUVWXGLHVSURYLGHGDFRPSOHWHSRWDVVLXPEDODQFHIRUJUD]LQJV\VWHPVDQG
GHPRQVWUDWHGWKHH[WHQWRIOHDFKLQJORVVHVRIWKLVQXWULHQWLQWRZDWHUV
0DQXUHVOXUU\ PDQDJHPHQW 7KH ZRUN RQ IDUP PDQXUHV E\ %UDLQ 3DLQ 'DYLG &KDGZLFN
3KLO +REEV 7RP0LVVHOEURRN -RKQ /DZV DQG RWKHUV KDGPXFK LQÀXHQFH LQ GHWHUPLQLQJ WKH
PHFKDQLVPV IRU LPSURYLQJ WKHPDQDJHPHQW RI OLYHVWRFNPDQXUHV DQG UHGXFLQJ ORVVHV WR WKH
ZLGHU HQYLURQPHQW:RUNLQJ LQ D VHULHV RI ORQJWHUPSDUWQHUVKLSVZLWK RWKHUV HVSHFLDOO\ZLWK
$'$6DQG6LOVRH5HVHDUFKWKHWHDPGHYHORSHGDGDSWHGPHWKRGVWRORRNDWWKHFRPSOHWHOLIH
F\FOHRIPDQXUHPDQDJHPHQWIURPPDQ\SHUVSHFWLYHVEXWZLWKHPSKDVLVRQQLWURJHQF\FOLQJ7KLV
KDVEHHQH[WUHPHO\LPSRUWDQWEHFDXVHDQGDVZLWKDOOFRPSRQHQWVRIJUDVVODQGPDQDJHPHQW
PDQLSXODWLRQRIRQHSKDVHRIPDQXUHPDQDJHPHQWKDVFRQVHTXHQWLDOHIIHFWVDWRWKHUV7KXVWKH
UHVHDUFKH[DPLQHGWKHLPSDFWRIIRUH[DPSOHPHWKRGVWRUHGXFHDPPRQLDHPLVVLRQE\EDQG
VSUHDGLQJRUVKDOORZLQMHFWLRQRIVOXUU\LQLWLDOO\ZLWKZKDWZDVWKHQ,0$*'/2LQWKH1HWKHUODQGV
RQWKHµNQRFNRQ¶HIIHFWVRQHPLVVLRQRIQLWURXVR[LGH$WWKHVDPHWLPHWKHHIIHFWVRIGLIIHUHQW
PDQDJHPHQWVDQGGH¿QLWLRQVRIWKHRYHUDOOÀRZVRIQXWULHQWVDQGVXSSOLHVWRFURSVIURPWKHVH
DQGRWKHUPDWHULDOVDGGHGWRODQGZHUHLPSRUWDQW7KXVDVZHOODVUHGXFLQJQLWURJHQORVVHVWKH
ZRUNZDVDOZD\VFRQFHUQHGZLWKWKHPRUHHIIHFWLYHXVHRIWKHQXWULHQWVFRQWDLQHGZLWKLQPDQXUHV
WRUHGXFHWKHGHPDQGVIRUDGGLWLRQDOVXSSOLHVIURPIHUWLOLVHUVDQGWRFKDQJHWKHFRQVLGHUDWLRQ
RIPDQXUHVE\IDUPHUVIURPEHLQJDGLVSRVDOSUREOHPWRRQHRIEHLQJDYDOXDEOHUHVRXUFH7KH
LQWHJUDWLRQRIWKHRUJDQLFPDWWHUFRQWDLQHGLQPDQXUHVDQGVOXUULHVLQWRWKHIDEULFRIWKHVRLOZDV
DOVRRILPSRUWDQFHDQGRIPXFKFXUUHQWUHOHYDQFH7KHUHZHUHDOVRLPSRUWDQWSUDFWLFDORXWFRPHVLQ
VWXGLHVRIWKHHIIHFWVRIGLIIHUHQWPHWKRGVRIDSSOLFDWLRQRIVOXUULHVWRVZDUGVWRHQVXUHSDODWDELOLW\
IRUVXEVHTXHQWJUD]LQJDQLPDOVDQGRIXWLOLVLQJVOXUU\RQJUDVVZKLWHFORYHUVZDUGV WKURXJKD
VHULHV RI VHOIFRQWDLQHG µIDUPOHWV¶ 2WKHU VWXGLHV IRFXVVHG RQ WKH WUDQVSRUW ERWK WKURXJK DQG
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:HLUVIRUPHDVXULQJZDWHUÀRZ
DQGQLWUDWHIURPGUDLQVDQGE\
VXUIDFHÀRZDW5RZGHQ

DFURVVVRLOVRIQXWULHQWVDQG¿QHRUJDQLFPDWWHU
UHVSRQVLEOH IRU KLJK %LRFKHPLFDO 2[\JHQ
'HPDQGV LQ GLUW\ ZDWHU IURP GDLU\ IDUPVZLWK
WKH DLP RI GHYLVLQJ VDIH GLVSRVDO VWUDWHJLHV
0XFK RI WKH UHVHDUFK XQGHUWDNHQ LQ DOO WKHVH
DUHDVVWLOOIRUPVWKHEDVLVRINQRZOHGJHWUDQVIHU
H[HUFLVHV WR LQIRUP JUDVVODQG IDPHUV RQ
DSSURDFKHV WR LPSURYH WKHLU PDQXUH
PDQDJHPHQWDQGWRPHHWHQYLURQPHQWDOWDUJHWV
$QRWKHU XQLTXH DVSHFW RI WKH ZRUN ZDV WKH
TXHVWLRQ RI RGRXUV 7KLV RIWHQ DQ LVVXH RI
LPPHGLDWH FRQFHUQ WR WKH SXEOLF DW ODUJH ZDV
H[DPLQHGE\7RP0LVVHOEURRNDQG3KLO+REEV
ZLWK WKH GHYHORSPHQW RI D VSHFLDOLVHG RGRXUV
ODERUDWRU\¿UVWDW+XUOH\DQG WKHQ WUDQVIHUUHG WR1RUWK:\NH:LWK WKHDLGRIVRPHFRPSXWHU
FRQWUROOHG GLOXWLRQ HTXLSPHQW DQG D SDQHO RI KXPDQ µVQLIIHUV¶ WKH RGRXU FRQFHQWUDWLRQ LQ DLU
ZDVPHDVXUHGDQGFRXSOHGZLWKPDVVVSHFWURPHWU\DQGRWKHUWHFKQLTXHVWKHFRPSRVLWLRQRI
RGLIHURXVFRPSRXQGVDQGWKHFRQGLWLRQVZKLFKSURPRWHGWKHLUSUROLIHUDWLRQFRXOGEHGHWHUPLQHG
/DWWHUO\WKHZRUNZDVGHYHORSHGE\3KLO+REEVWRLGHQWLI\VSHFL¿FFRPSRXQGVUHVSRQVLEOHIRUWKH
RGRXUDQGDOVRWKRVHFRQWULEXWLQJWRRWKHUDVSHFWVRIHQYLURQPHQWDOTXDOLW\LQFOXGLQJWKHHPLVVLRQ
RIQRQPHWKDQHYRODWLOHRUJDQLFFDUERQFRPSRXQGV7KHZLGHEDVHRIWKHH[SHUWLVHRQPDQXUHV
DQGRWKHUPDWHULDOVWKXVGHYHORSHGKDVPHDQWWKDWWKHWHDPKDVEHHQDEOHWRFDSLWDOLVHRQQHZ
LVVXHVDVWKH\KDYHDULVHQ7KLVLQFOXGHVUHVHDUFKE\'DYH&KDGZLFNRQWKHSRWHQWLDOIRUWUDQVIHURI
SDWKRJHQLFRUJDQLVPV IURPPDQDJHG ODQG LQWRZDWHUVDQGZRUNE\3KLO+REEVRQ WKHXVHRI
PDQXUHVDQGRWKHURUJDQLFZDVWHPDWHULDOVDVUHVRXUFHVIRUDQDHURELFGLJHVWLRQDQGWKHVXSSO\
RIHQHUJ\DJDLQUHSUHVHQWLQJDUHWXUQWRDUHVHDUFKDUHDXQGHUWDNHQRYHU\HDUVDJRDW1,5'
DQGDWRWKHUVLWHV
*DVHRXVHPLVVLRQV*DVHRXVHPLVVLRQVKDYHEHHQDQLPSRUWDQWFRPSRQHQWRIWKHZRUN¿UVWO\
DW+XUOH\DQGWKHQDW1RUWK:\NH6WXGLHVRQWKHFRQWUROVDQGHPLVVLRQVRIDPPRQLDIURPDOO
FRPSRQHQWVRIDQLPDOSURGXFWLRQLHJUD]LQJE\'DYLG+DWFKDQG6WHYH-DUYLVKRXVLQJVSUHDG
DQGVWRUHGPDQXUHVDQGVOXUULHVE\%ULDQ3DLQDQGFROOHDJXHVDQGIURPIHUWLOLVHUV IRUPHGD
NH\SDUWRIWKHUHVHDUFKUHTXLUHGE\0$))'HIUD¶VSROLF\GHYHORSPHQWWROLPLWÀX[HVRIDPPRQLD
WRWKHDWPRVSKHUHDQGWRHVWDEOLVKDGYLFHIRUIDUPHUVWRFKDQJHWKHLUPDQDJHPHQWVWRDFKLHYH
WKLV$VZLWKPDQ\ DVSHFWV RI WKH VRLOHQYLURQPHQWDO ZRUNPXFK RI WKLV ZDV LQ FROODERUDWLRQ
ZLWKRWKHUV LQ WKLVFDVHZLWK$'$6 ,PSHULDO&ROOHJH6LOVRH5HVHDUFK&(+DQGRWKHUV7KH
ZRUNRQPDQXUHVZDVLPSRUWDQWQRWRQO\IURPDQDPPRQLDSHUVSHFWLYHEXWDOVRWRGULYHWKH
SKLORVRSK\RIFRQVLGHULQJPDQXUHVDVDUHVRXUFHRIQXWULHQWVDQGHQDEOLQJVDYLQJVWREHPDGHRQ
PLQHUDOIHUWLOLVHUXVH
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µ0LFURPHW¶PDVWIRUPHDVXULQJDPPRQLDORVVIURP
VKDOORZLQMHFWHGVOXUU\

$PPRQLD(PLVVLRQV
$JULFXOWXUHLVWKHPDMRUVRXUFHRIDPPRQLDHPLVVLRQV
WR WKH DWPRVSKHUH DQG VXEVHTXHQW GHSRVLWLRQ FDQ
GDPDJH VHQVLWLYH KDELWDWV WKURXJK DFLGL¿FDWLRQ
DQG HXWURSKLFDWLRQ4XDQWL¿FDWLRQ DQGPLWLJDWLRQ RI
DPPRQLDHPLVVLRQVIURPDJULFXOWXUHKDYHWKHUHIRUH
EHHQNH\UHVHDUFKDLPVLQDVLJQL¿FDQWSURJUDPPH
RIUHVHDUFKIURPWKHODWHVOHGLQLWLDOO\E\%ULDQ
3DLQDQGVXEVHTXHQWO\E\'DYLG&KDGZLFNDQG7RP
0LVVHOEURRN ZLWK PDQXUHV DQG VOXUULHV DQG -RKQ
5\GHQDQGWKHQ'DYLG+DWFKDQG6WHYH-DUYLVZLWK
JUD]HGVZDUGV
2QH RI WKH ODUJHVW HPLVVLRQ VRXUFHV LV PDQXUH
DSSOLFDWLRQV WR ODQGZKHUHDPPRQLDHPLVVLRQDOVR
UHSUHVHQWV D ORVV RI SRWHQWLDO QXWULHQW QLWURJHQ IRU
SODQWXSWDNHXSWRRIDSSOLHGPDQXUHQLWURJHQ
PD\ EH ORVW DQG WKLVZDV DPDMRU IRFXV RIPXFK
RIWKHLQLWLDOZRUN7KHV\VWHPRIVPDOOZLQGWXQQHOV
GHYHORSHGE\'DYLG/RFN\HU LQ WKHPLGVZDV
XVHGLQVPDOOSORWVWXGLHVWRLPSURYHRXUXQGHUVWDQGLQJ
DQGWRGHYHORSPLWLJDWLRQWHFKQLTXHV7KHZLQGWXQQHO
V\VWHPKDVVXEVHTXHQWO\EHHQFRSLHGDQGXVHG LQ
PDQ\ RWKHU FRXQWULHV /DUJHUVFDOH PHDVXUHPHQWV
ZHUH PDGH XVLQJ PLFURPHWHRURORJLFDO WHFKQLTXHV
DQG WKH FRPELQDWLRQ RI WKHVH VWXGLHV DW GLIIHUHQW
VFDOHVHQDEOHGWKHGHYHORSPHQWRIHPLVVLRQPRGHOV
ZKLFK KLJKOLJKWHG WKH NH\ IDFWRUV LQÀXHQFLQJ
HPLVVLRQ VXFK DV VOXUU\ '0 FRQWHQW DQG ZLQG
VSHHG 7HFKQLTXHV ZKLFK JDYH ORZ HPLVVLRQV
ZHUH GHYHORSHG DQG GHPRQVWUDWHG LQFOXGLQJ
VKDOORZLQMHFWLRQDQGEDQGVSUHDGLQJDQGUDSLGVRLO
LQFRUSRUDWLRQRIPDQXUHVDSSOLHGWRDUDEOHODQG
7KHGHYHORSPHQWRIDQLQYHQWRU\PRGHORIDPPRQLD
HPLVVLRQV IURP8.DJULFXOWXUHEHFDPH LQFUHDVLQJO\
LPSRUWDQW LQ RUGHU WR FRPSO\ ZLWK LQWHUQDWLRQDOO\
DJUHHG FHLOLQJ HPLVVLRQ WDUJHWV 2XU UHVHDUFK KDV
FRQWULEXWHG WR LPSURYHG TXDQWL¿FDWLRQ RI HPLVVLRQV
IURP DOO VLJQL¿FDQW VRXUFHV OLYHVWRFN JUD]LQJ
OLYHVWRFNKRXVLQJDQGRXWGRRU\DUGVPDQXUHVWRUDJH
PDQXUHVSUHDGLQJDQGIHUWLOLVHUDSSOLFDWLRQ0LWLJDWLRQ
SRWHQWLDOKDVEHHQDVVHVVHGWKURXJKDFRPELQDWLRQ
RI FRQWUROOHG VWXGLHV XVLQJ D SXUSRVHEXLOW FDWWOH
KRXVLQJDQGPDQXUHVWRUDJH IDFLOLW\DW1RUWK:\NH
DQGPHDVXUHPHQWVRQFRPPHUFLDOIDUPV
7RP 0LVVHOEURRN +XUOH\ ± 1RUWK :\NH
±
'HYHORSPHQWRIDQDJULFXOWXUDOHPLVVLRQVLQYHQWRU\RI
DPPRQLD IRU WKH8. DV UHTXLUHG WRPHHW (XURSHDQ
8QLRQSROLFLHVDQGWDUJHWVZDVYHU\GHSHQGHQWRQWKH
ZRUNRIWKH,QVWLWXWHWRSURYLGHLQIRUPDWLRQUHOHYDQWWR
JUDVVODQGUXPLQDQW SURGXFWLRQ 7RP 0LVVHOEURRN LV
VWLOO UHVSRQVLEOH IRU WKHFRRUGLQDWLRQRIQHZPDWHULDO
WRXSGDWHWKHQDWLRQDOHPLVVLRQVLQYHQWRU\UHTXLUHGE\
JRYHUQPHQW1RUWK:\NHDOVRKROGVWKHFRRUGLQDWLRQ
UROHIRUJUHHQKRXVHJDVHPLVVLRQVGDWDIRUDJULFXOWXUH
QRZ XQGHUWDNHQ E\ /DXUD &DUGHQDV 7KLV LQFOXGHV
QLWURXVR[LGHDQGPHWKDQH1LWURXVR[LGHZDV¿UVWRI
UHVHDUFKLQWHUHVWWRWKH,QVWLWXWHDVDORVVFRPSRQHQW
RI WKH QLWURJHQ F\FOH 7KLV KDV EHFRPH LQFUHDVLQJO\
LPSRUWDQWZLWK WKHJUHDWHUDSSUHFLDWLRQRI WKH UROHRI
WKLVJDVDVDNH\FRPSRQHQWRIFOLPDWHFKDQJHHIIHFWV
DQG UHFRJQLWLRQ WKDW DJULFXOWXUHZDVDPDMRU VRXUFH
7KH GHYHORSPHQW RI WHFKQLTXHV LQWURGXFHG E\ -RKQ
5\GHQ WR LQKLELW WKH WUDQVIRUPDWLRQ RI QLWURXV R[LGH
WRQLWURJHQJDV LQ WKHGHQLWUL¿FDWLRQSURFHVVHQDEOHG
PHWKRGV WR EH XVHG ZKLFK RYHUFDPH VRPH RI WKH
SUREOHPV RI VSDWLDO H[DFHUEDWHG E\ WKH KRW VSRWV
FDXVHG E\ WKH H[FUHWD RI JUD]LQJ DQLPDOV DQG
WHPSRUDO YDULDELOLW\ WKDW LV DVVRFLDWHG ZLWK WKH
SURFHVVHV LQYROYHG 0RUH DQG PRUH VRSKLVWLFDWHG
PRELOH ¿HOG FKDPEHUV ZLWK LQ¿HOG PHDVXUHPHQWV
GHYHORSHG E\ 6LUZDQ <DPXONL DQG 'DYH &KDGZLFN
SURYLGHG DGGLWLRQDO UHOLDELOLW\ DQG FHUWDLQW\ WR
PHDVXUHPHQWV 7KH V\VWHPV GHYHORSHG DOVR KDG
WKH FDSDFLW\ WRPHDVXUHRWKHU LPSRUWDQW JDVHV VXFK
DV12[PHWKDQHDQGFDUERQGLR[LGH$QDOWHUQDWLYH
DSSURDFK GHYHORSHG E\ 'DYLG 6FKROH¿HOG -DQH
+DZNLQVDQG/DXUD&DUGHQDVZDVWRPRYHWRDQHQWLUHO\
ODERUDWRU\EDVHG V\VWHP WKDW XVHG LQWDFW VRLO FRUHV
XQGHU FRQWUROOHG FRQGLWLRQV DQG VXSSOLHG LQIRUPDWLRQ
RQ DOO WKH SURGXFWV RI GHQLWUL¿FDWLRQ 7KLV KDV EHHQ
XVHGDORQJZLWK1VWDEOHLVRWRSHVWXGLHVWRHQKDQFHXQGHUVWDQGLQJRIWKHFRQWUROVRYHUWKH
SURFHVVHVLQYROYHGLQQLWURXVR[LGHSURGXFWLRQDQGWKHLPSDFWVRIIHUWLOLVHUVH[FUHWDVRLOSURSHUWLHV
DQG HQYLURQPHQWDO FRQGLWLRQV KDYH EHHQ GH¿QHG 7KH UHVXOWV REWDLQHG IRU QLWURXV R[LGH LQ
SDUWLFXODU EXW DOVR WR VRPH H[WHQW IRU DPPRQLD KDV HQDEOHG WKH GHYHORSPHQW E\ /RUQD
%URZQDQGRWKHUVRISUHGLFWLYHPRGHOV IRUJDVHRXVHPLVVLRQV$QRWKHU LPSRUWDQWJUHHQKRXVH
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JDV IURP DJULFXOWXUH PHWKDQH KDV DOVR EHHQ
D VXEMHFW RI LQYHVWLJDWLRQ $Q LQLWLDO JUDQW IURP
D -DSDQHVH IRXQGDWLRQ 5,7( LQ  ZDV
WKH NLFNVWDUW WR WKLV DUHD RI ZRUN ZKLFK ZDV
GHYHORSHGE\6WHYH-DUYLVWRORRNDWWKHLPSDFWRI
GXQJSDWVDQGWKHQE\'DYH&KDGZLFN WR ORRNDW
PDQXUHV DQG VOXUULHV DQG H[FKDQJHV ZLWK VRLOV
RQ PHWKDQH HPLVVLRQV  7KH 1RUWK :\NH VLWH
ZDV DPRQJVW WKH ¿UVW WR PRQLWRU WKH QHW HIIHFW
RI JUD]LQJ RQ WKH HPLVVLRQV RI PHWKDQH 'DYLG
/RFN\HUDQG3KLO0XUUD\GHYHORSHGDQGGHSOR\HG
DFKDPEHUV\VWHPODUJHHQRXJKWRHQFORVHJUD]LQJ
DQLPDOVWRGHPRQVWUDWHVWURQJGLXUQDOSDWWHUQVLQWKH
QHWHPLVVLRQRIWKLVJDVWRWKHDWPRVSKHUHDVZHOO
DVSURYLGLQJHPLVVLRQIDFWRUVIRUJUD]LQJV\VWHPV
7KH'HYHORSPHQWRI5HVHDUFKRQ6RLO0DQXUHV
DQGWKH(QYLURQPHQW
)URP DQ HDUO\ VWDJH LQWHJUDWLRQ RI NQRZOHGJH RI
VRLOVZLWKDOODVSHFWVRIWKHFRPSOH[LW\RIJUDVVODQG
V\VWHPVKDVEHHQDNH\IHDWXUHRIWKHUHVHDUFK)RU
H[DPSOHWKHHDUO\VWXGLHVRQSURGXFWLRQDW1RUWK
:\NHZHUH FRXSOHG QRW RQO\ZLWK QXWULHQW F\FOLQJ
EXWDOVRZLWKDVSHFWVRIVRLOVWUXFWXUHLQSDUWLFXODU
WKHLPSDFWRIWKHJUD]LQJUXPLQDQWRQVRLOSK\VLFDO
FRQGLWLRQVHVSHFLDOO\LPSRUWDQWRQWKHµGLI¿FXOW¶1RUWK
:\NH VRLO (IIHFWV RI µSRDFKLQJ¶ZHUH GHWHUPLQHG
7KLV LQYROYHG WKHFUHDWLRQE\'DYLG6FKROH¿HOGRI
DQDUWL¿FLDOFRZRUDWOHDVWSDUWRIDFRZWKHKRRI
DIIHFWLRQDWHO\NQRZQDV0DEHOWRGHWHUPLQHPRUH
SUHFLVHO\WKHSUHVVXUHVDQGVWUHVVSODFHGRQVRLOE\
JUD]LQJDQLPDOVXQGHUGLIIHUHQWFRQGLWLRQV
'HVSLWHWKHQRZFRQWUDFWLQJUHVHDUFKIXQGLQJEDVH
IURP WKH 'HIUD VRLOV ZRUN FRQWLQXHG WR PDNH
SURJUHVV DOWKRXJK ZLWK D UDWKHU GLIIHUHQW
HPSKDVLV WKDQSUHYLRXVO\2Q WKHRQHKDQG WKHUH
ZDV DQ LQFUHDVLQJ UHOXFWDQFH WR SURYLGH WKH
PHDQV RI VXSSRUWLQJ ORQJWHUP DSSOLHG UHVHDUFK
2Q WKH RWKHU WKHUHZDV D JURZLQJ EDVH RI EDVLF
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2QHRIWKHPDMRUDJULFXOWXUDOFRQWULEXWRUVWRFOLPDWH
FKDQJHLVWKHHPLVVLRQRIPHWKDQHIURPUXPLQDQWV
SURGXFHGDVDE\SURGXFWGXULQJWKHUXPHQGLJHVWLYH
SURFHVVHV (VWLPDWHV RI PHWKDQH IURP UXPLQDQWV
LQFOXGLQJWKDWIURPJUD]LQJDQLPDOVDUHEDVHGODUJHO\
RQ PHDVXUHPHQWV PDGH IURP VKHHS DQG FDWWOH
KRXVHG LQ PHWDEROLF FKDPEHUV )RU JUD]LQJ
UXPLQDQWV WKHUH ZDV D GHYHORSLQJ PHWKRG EDVHG
RQFRQWUROOHGUHOHDVHIURPWKHUXPHQRIDWUDFHUJDV
VXOSKXUKH[DÀXRULGH IURPDFDSVXOHSODFHG LQ WKH
UXPHQDQGWKHQFDSWXUHGLQDYDFXXPGHYLFHRQWKH
DQLPDO¶V KHDG 7KLV IRU D YDULHW\ RI UHDVRQVZDV
QRWDQHDVLO\DSSOLHGPHWKRGDQG1RUWK:\NHZRQD
FRQWUDFW IRUDQDOWHUQDWLYHDSSURDFK'DYLG/RFN\HU
WRRNRQWKHUHVSRQVLELOLW\RIGRLQJWKLVDQGGHYHORSHG
ZKDWZDVHVVHQWLDOO\DODUJHHQFORVXUHV\VWHP7KLV
FRPSULVHG D SRO\WXQQHO ODUJH HQRXJK WR KRXVH
D QXPEHU RI VKHHS ZLWK D FRQWUROOHG DLUÀRZ UDWH
DQGD¿HOGEDVHGPHDVXUHPHQWV\VWHPWRPHDVXUH
LQOHWDQGRXWOHWPHWKDQHFRQFHQWUDWLRQV)URP WKLV
DUHOHDVHUDWHRIPHWKDQHSHUDQLPDOXQGHUUHDOLVWLF
JUD]LQJFRQGLWLRQVFRXOGEHGHWHUPLQHG7KLVV\VWHP
FDXJKW WKH DWWHQWLRQ RI ORFDO DQG QDWLRQDO PHGLD
LQFOXGLQJ WKH QDWLRQDO µUHGWRSV¶ ZKR PDQDJHG WR
µVSLQ¶WKHZRUNVRWKDWLWZDVGHVFULEHGDV³FRZV´±
WKH\ZHUH VKHHS  LQ ³WHQWV´ ± LWZDV D SRO\WXQQHO
±RQ³'DUWPRRU´±LWZDVRQWKHIDUPDW1RUWK:\NH±
HPLWWLQJPHWKDQHE\³ÀDWXOHQFH´±WKH\XVHGDGLIIHUHQW
ZRUG DQG PRVW LV HPLWWHG LQ WKH EUHDWK DQ\ZD\
6RQHDUO\FRUUHFW 'HVSLWH WKLV WKHV\VWHPZDVD
VXFFHVVDQGSURYLGHGHPLVVLRQ IDFWRUVXQGHUPRUH
UHDOLVWLF JUD]LQJ FRQGLWLRQV GHPRQVWUDWLQJ IRU
H[DPSOH VRPH LPSRUWDQW GLXUQDO YDULDWLRQV QRW
SUHYLRXVO\GHVFULEHG
6WHYH -DUYLV +XUOH\ ± 1RUWK :\NH ±

*UD]LQJVKHHSLQSRO\WKHQHWXQQHOZLWKFRQWUROOHG
DLUÀRZUDWHIRUPHDVXULQJPHWKDQHHPLVVLRQ

VWXGLHVVXSSRUWHGE\DQLQFUHDVHGSURYLVLRQRI
FRUHIXQGVIURPWKH,QVWLWXWHDQGDYHU\KHDOWK\
DFTXLVLWLRQRIIXQGLQJIURP%%65&WKH1DWXUDO
(QYLURQPHQW 5HVHDUFK &RXQFLO 1(5& DQG
RWKHUV 7KLV HQDEOHG PHFKDQLVWLF ZRUN RQ
QLWURXVR[LGHE\'DYLG6FKROH¿HOGDQGRWKHUV
SKRVSKRUXVE\3KLO+D\JDUWKVROXWHPRYHPHQW
E\ 'DYLG 6FKROH¿HOG SDWKRJHQ PRYHPHQW
E\ 'DYH &KDGZLFN VRLOSODQWURRWKHUELYRUH
LQWHUHDFWLRQV E\ 3KLO 0XUUD\ QLWURJHQ DQG
RUJDQLFPDWWHUG\QDPLFVE\5RODQG%RODPRQJVWRWKHUWRSLFVWREHHVWDEOLVKHGDQGDGYDQFHG
6RLOELRORJ\KDGEHHQDPLVVLQJFRPSRQHQWRI WKHZRUN IRUVRPH WLPHDQGUHFRPPHQGDWLRQV
IURPWKUHHVXFFHVVLYH9LVLWLQJ*URXSVHYHQWXDOO\PHDQWWKDWDVRLOPLFURELRORJ\LQWHUHVWFRXOGEH
IROORZHG7KHUHZDVDOVRDGHYHORSPHQWRI WKH LQWHUHVW LQ VRLOPDFURELRORJ\6WDEOH LVRWRSHV
KDGORQJSOD\HGDUROHLQGHWHUPLQLQJSURFHVVUDWHVDQGWUDQVIHUURXWHVDQGWKHLUFRQWUROVQLWUDWH
WUDQVIHUQLWURXVR[LGHSURGXFWLRQDQGHYROXWLRQIRUH[DPSOH$QLQFUHDVHLQWKHUHFRJQLWLRQWKDW
WKHUHZDV YDULDWLRQ LQ QDWXUDO LVRWRSLF DEXQGDQFH HVSHFLDOO\ RI QLWURJHQ LQ VRLOV HQFRXUDJHG
LQYHVWLJDWLRQE\5RODQG%RORIWKHUROHRIFRPSRQHQWVRIVRLORUJDQLFPDWWHU7KHDYDLODELOLW\DQG
VHQVLWLYLW\RIPDVVVSHFWURPHWU\HTXLSPHQWDW1RUWK:\NHZDVDQHVVHQWLDOIHDWXUHLQDOORZLQJ
WKLV WR KDSSHQ $Q LQWHUHVW LQ RUJDQLF PDWWHU DQG LWV UROH WKURXJK PLQHUDOLVDWLRQ LQ GLIIHUHQW
PDQDJHPHQWVDQGOLQNDJHZLWKRWKHUSURFHVVHVZHUHFRPPRQREMHFWLYHVLQERWKVRLOVDQGIDUP
PDQXUHVUHVHDUFK
7KHUH ZDV DOVR DQ LQWHUHVW LQ RUJDQLFDOO\ PDQDJHG VRLOV WKDW GHYHORSHG DW WKLV WLPH LQLWLDOO\
VWHPPLQJIURPD MRLQWUHVHDUFKSURMHFWEDVHGRQWKH'XFK\)DUPDW7HWEXU\ZLWK5RWKDPVWHG
5HVHDUFKZKLFKDORQJZLWKRWKHUSDUWLFLSDQWVZDVSDUWRIDQHDUO\SURJUDPPHVSRQVRUHGMRLQWO\
E\ %%65& 1(5& DQG WKH (FRQRPLF DQG 6RFLDO 5HVHDUFK &RXQFLO (65& 3DUWQHUVKLSV
KDYH EHHQ YHU\ LPSRUWDQW LQ GHYHORSLQJ WKH UHVHDUFK RYHUPDQ\ \HDUV 7KLV KDV SDUWLFXODUO\
LQYROYHG$'$6WKH6LOVRH5HVHDUFK,QVWLWXWH5RWKDPVWHG5HVHDUFK1(5&VSRQVRUHGLQVWLWXWHV
HVSHFLDOO\ DW :DOOLQJIRUG DQG (GLQEXUJK DQG
QXPHURXV 8QLYHUVLWLHV EXW HVSHFLDOO\ 5HDGLQJ
DQG 3O\PRXWK ERWK DV DFDGHPLF SDUWQHUV LQ 3K'
SURMHFWV EXW DOVR DV IXOO SDUWQHUV LQ PDMRU UHVHDUFK
SURJUDPPHV7KHUHVHDUFKSURJUDPPHDQGLWVRXWSXWV
DOVR VWLPXODWHG D QXPEHU RI VWURQJ RYHUVHDV
FROODERUDWLRQV DQG SURMHFWV SDUWLFXODUO\ ZLWK 1HZ
=HDODQGWKH1HWKHUODQGV&KLOH3RUWXJDO)UDQFHDQG
,UHODQGDPRQJVWRWKHUV$QXPEHURI(XURSHDQ8QLRQ
VSRQVRUHG UHVHDUFK SURMHFWV ZLGHQHG WKH QHWZRUN
RI (XURSHDQ FROODERUDWRUV 'XULQJ &KULV 3ROORFN¶V
GLUHFWRUVKLS WKHUH ZDV HQFRXUDJHPHQW WR GHYHORS
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µ0DEHO¶WKHRQHKRRIHGFRZGHVLJQHGWRVLPXODWH
DQGPHDVXUHWKHSUHVVXUHVDQGVWUHVVSODFHGRQ
VRLOE\JUD]LQJFDWWOH
:LQGWXQQHOVDQGHQFORVXUHDSSDUDWXVEHLQJXVHG
IRUPHDVXULQJDPPRQLDDQGJUHHQKRXVHJDV
HPLVVLRQVRQFXOWLYDWHGJUDVVODQG

HYHQVWURQJHU LQWHUDFWLRQVEHWZHHQGLIIHUHQWGLVSDUDWHFRPSRQHQWVRI WKH ,QVWLWXWHDWGLIIHUHQW
VLWHV7KXVWKHUHZDVDVWURQJGULYHWRHQVXUHWKDWWKHUHZDVJRRGOLQNDJHEHWZHHQWKHVWUHQJWKV
DW1RUWK:\NHRQHQYLURQPHQWDOLVVXHVZLWKIRUH[DPSOHWKHJHQHWLFFRQWURORYHUJUDVVODQGFURS
SRWHQWLDOWRHQKDQFHQXWULHQWXVHHI¿FLHQF\7KHUHVHDUFKLQWKLVDUHDSDUWLFXODUO\WKDWRQQLWURJHQ
DQG LQFOXGLQJ WKHPRGHOOLQJDQGFRQVLGHUDWLRQRI RQIDUPQLWURJHQÀRZV FRQWULEXWHGPXFK WR
WKHELJGULYH IRUDFKDQJH WRFRQVLGHU WRSGRZQGULYHUVDQGKHOSHG WR LQLWLDWH WKHVWURQJ OLQNV
WKDW1RUWK:\NHKDGZLWK$EHU\VWZ\WKVFLHQWLVWVDQGWRVXSSRUW WKH'LUHFWRU¶V¿UPVWDQFHZLWK
%%65& RI WKH YDOXH WR WKHP RI DQ LQVWLWXWH ZKLFK FRXOG GHOLYHU VROXWLRQV IRU PXOWLIXQFWLRQDO
ODQGXVH SUREOHPV $ IXUWKHU DQG PDMRU LQLWLDWLYH ZDV WKH GHYHORSPHQW RI WKH 6RLO&,3 IRU
VRLOVUHVHDUFK(QFRXUDJHGE\WKHWKHQ&KLHI([HFXWLYHRI%%65&-XOLD*RRGIHOORZDQGWKH
GLUHFWRUV RI ,*(5 &KULV 3ROORFN DQG 5RWKDPVWHG 5HVHDUFK ,DQ &UXWH WKH 6RLO&,3 ZDV
GHYHORSHG E\ .HLWK *RXOGLQJ DQG 6WHYH -DUYLV 7KLV ZDV WR HQVXUH LQ WKH ¿UVW LQVWDQFH WKDW
WKHVRLOVUHVHDUFKSURJUDPPHRIERWKRUJDQLVDWLRQVZDVIXOO\LQWHJUDWHGDQGWKDWWKHUHZDVDQ
RSWLPLVHGXWLOLVDWLRQRIDQGRXWSXWIURPWKHMRLQWUHVRXUFHVKXPDQWHFKQLFDODQGSK\VLFDORI
WKHWZRJURXSV7KLVZDVODXQFKHGLQDQGQRZQRWRQO\LQYROYHVWKHWZRLQLWLDWLQJJURXSVEXW
DOVRLQFOXGHVLQWHUDFWLRQVZLWKRWKHUVLPLODUPLQGHGJURXSVDWRWKHU,QVWLWXWHVDQG8QLYHUVLWLHV
&RQFOXGLQJ&RPPHQWV

$V ZHOO DV SURYLGLQJ QRYHO LQIRUPDWLRQ RQ WKH VSHFL¿F DUHDV XQGHU LQYHVWLJDWLRQ VRLO DQG
HQYLURQPHQWDO VFLHQWLVWV DW +XUOH\ DQG 1RUWK:\NH KDYH SOD\HG NH\ UROHV LQ HQDEOLQJ RWKHU
UHVHDUFK LQVWLWXWHV DQG WKHLU VFLHQWLVWV QDWLRQDOO\ DQG LQWHUQDWLRQDOO\ WR XQGHUWDNH UHVHDUFK
UHOHYDQWWRWKHLURZQSDUWLFXODUFRQGLWLRQVDQGFLUFXPVWDQFHV7KHFRQWLQXXPRIUHVHDUFKIURP
EDVLF SURFHVV XQGHUVWDQGLQJ WKURXJK WR SUDFWLFDO RQIDUP DGYLFH KDV DOVR EHHQ HQDEOLQJ IRU
IDUPHUV DQG RWKHU ODQGPDQJHUV DVZHOO DV SROLF\PDNHUV WR RSWLPLVH WKHLU FLUFXPVWDQFHV WR
HQVXUHRSWLPXPSURGXFWLRQZLWKPLQLPDOHQYLURQPHQWDOLPSDFW7KHDELOLW\WRUHVSRQGWRDQHYHU
FKDQJLQJVXLWHRISROLF\FKDQJHVKDVEHHQDNH\DWWULEXWHWKDWZLOOFRQWLQXHWREHLPSRUWDQWLQWKH
IXWXUH0DQ\RIWKH¿QGLQJVKDYHEHHQGHSOR\HGWRGHYHORSPRGHOVIRUWKHSUHGLFWLRQRIHIIHFWV
DWDUDQJHRIVFDOHV
.H\RXWSXWVKDYHLQFOXGHG
 ,PSURYHG XQGHUVWDQGLQJ RI WKH QXWULWLRQ RI JUDVVODQG SODQWV DQG WKH GLVWULEXWLRQ DQG
 LPSDFWRIHOHPHQWDOLQFOXGLQJWUDFHHOHPHQWVGLVWULEXWLRQZLWKLQSODQWVDQGVRLOV
 3URYLVLRQRIWKHEDVHVIRUIHUWLOLVHUUHFRPPHQGDWLRQVFKHPHVIRUJUDVVODQGPDQDJHPHQWV
 DQGWKHRSWLPLVDWLRQRIVXSSOLHVRIQXWULHQWVIURPVRLOPDQXUHDQGPLQHUDOIHUWLOLVHUVRXUFHV
 'HYHORSPHQWRIV\VWHPVVFDOHLQYHVWLJDWLRQVIRUQXWULHQWF\FOLQJDQGWKHGHPRQVWUDWLRQRI
 WKH UROH RI WKH UXPLQDQW LQ KDYLQJ LPSDFW RQ WKH H[WHQW RI UHF\FOLQJ DQG SRWHQWLDO IRU
 OHDNDJH IURP JUDVVODQG SURGXFWLRQ V\VWHPV WR WKH ZLGHU HQYLURQPHQW DQG WKH
 RSSRUWXQLWLHVIRUFRQWUROV
 'HYHORSPHQWRIPHWKRGRORJ\IRUDQLPSURYHGXQGHUVWDQGLQJRIWKHFRQWUROVDQGH[WHQWRI
62,/$1'(19,5210(17$/6&,(1&(
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 HPLVVLRQVRIQLWUDWHSKRVSKRUXVQLWURXVR[LGHDQGDPPRQLD
 $QLPSURYHGXQGHUVWDQGLQJRIWKHEDVLFSURFHVVHVFRQWUROOLQJWKHIRUPVDQGGLVWULEXWLRQV
 RIQLWURJHQDQGSKRVSKRUXVLQVRLOVDQGPDQXUHVLQFOXGLQJWKHIXQFWLRQVRIRUJDQLFPDWWHU
 3URYLVLRQRILQIRUPDWLRQWRDOORZWKHTXDQWL¿FDWLRQRIHPLVVLRQIDFWRUVDQGWKHFDOFXODWLRQ
 RI QDWLRQDO HPLVVLRQV RI LPSRUWDQW DWPRVSKHULF SROOXWDQWV DPPRQLD QLWURXV R[LGH
 PHWKDQH
 ,PSURYHGXQGHUVWDQGLQJRI WKHFRPSRVLWLRQ LPSDFWDQG LPSURYHGPHWKRGVIRUPDQXUH
 VWRUDJHVSUHDGLQJDQGXWLOLVDWLRQ
 ,PSURYHGXQGHUVWDQGLQJRIWKHJUDVVODQGQLWURJHQDQGSKRVSKRUXVF\FOHVDWDUDQJHRI
 GLIIHUHQWVSDWLDODQGWHPSRUDOVFDOHV
 'HOLYHU\RIPRGHOVDQGSUHGLFWLYHFDSDELOLW\
 ,QWHJUDWLRQ RI WKLV LQIRUPDWLRQ LQWR IXOO SURGXFWLRQ V\VWHPV LQ RUGHU WR DLG RQIDUP
 PDQDJHPHQWDQGGHFLVLRQPDNLQJDQGWRLGHQWLI\RSWLRQVIRUWKHIXWXUH
6WHYH-DUYLV

%,2',9(56,7<$1'6<67(065(6($5&+
%,2',9(56,7<$1'6<67(065(6($5&+
%LRGLYHUVLW\
'XULQJWKHHDUO\GD\VRIWKH,QVWLWXWHVFLHQWLVWVUHVSRQGHGWRWKHGHPDQGIRUPRUHLQIRUPDWLRQ
WRGULYH IHHGSURGXFWLRQDQG WKHGHOLYHU\RI OLYHVWRFNGHULYHG IRRG7KHGULYHU IRU WKLVZDV WKH
E\DQGODUJH PRQRFXOWXUH JUDVV FURS VXSSOLHG ZLWK ODUJH TXDQWLWLHV RI QXWULHQWV HVSHFLDOO\
QLWURJHQ7KLVOHIWOLWWOHFDSDFLW\WRFRQVLGHURWKHUFRPSRQHQWVRIWKHSURGXFWLRQZKLFKRFFXUUHGRQ
RWKHUZLGHUDQJLQJDQGGLYHUVHVZDUGW\SHVZKLFKZHUHSUHYDOHQWLQJUDVVODQGEDVHGDJULFXOWXUH
*5, DQG LWV IRUHEHDUV KDG D ORQJWHUP LQWHUHVW LQ WKH ERWDQLFDO FRPSRVLWLRQ RI JUDVVODQGV
$WWHQWLRQ ZDV WKHUHIRUH IRFXVVHG RQ WKH SURSRUWLRQ RI WKH DJULFXOWXUDOO\SUHIHUUHG JUDVVHV
VXFKDVU\HJUDVVDQGWKHSUHYDOHQFHRIZHHGVSHFLHV/HVVDWWHQWLRQZDVJLYHQWRWKHGLYHUVLW\
RI WKH VSHFLHV SUHVHQW DOWKRXJK SRWHQWLDOO\ YDOXDEOH GDWD ZHUH FROOHFWHG ,QIRUPDWLRQ IURP
JUDVVODQG VXUYH\V FDUULHG RXW WKURXJKRXW (QJODQG DQG :DOHV LQ WKH V DQG OHG E\ -RH
*UHHQDQG7RP)RUEHVSURYLGHGNH\LQSXWVWRDUHYLHZRIWKHVWDWHRIJUDVVODQGLQWKHFRXQWU\
SXEOLVKHGE\5RELQ)XOOHURI WKH,QVWLWXWHRI7HUUHVWULDO(FRORJ\ LQ7KLVUHSRUWQRWHGWKDW
WKHPDMRULW\RIQHXWUDOJUDVVODQGVODFNHGVLJQL¿FDQWZLOGOLIHLQWHUHVWDQGRQO\KDGQRWEHHQ
µGDPDJHG¶ E\ LQWHQVL¿FDWLRQ $ GHWDLOHG VXUYH\ IRU WKH 6: ZDV DOVR FRQGXFWHG LQ  E\
$ODQ+RSNLQVZKLFKSURYLGHGDEDVHRI LQIRUPDWLRQ IRU WKH ODWHUGHYHORSPHQWRI WKH UHVHDUFK
DWWKH1RUWK:\NHVLWHDQGZDVDOVRLPSRUWDQWWRDPRUHUHFHQWVWXG\E\$ODQ+RSNLQVDQGRWKHUV
RQWKHLPSDFWRIFOLPDWHFKDQJHRQORFDOJUDVVODQGIDUPLQJV\VWHPV
7KH FRPSOHWLRQ RI WKH VXUYH\V ZDV PRUH RU OHVV FRLQFLGHQW ZLWK WZR RWKHU HYHQWV L WKH
DFTXLVLWLRQRI1RUWK:\NHE\*5,WRSURYLGHDVLWHWKDWZDVPRUHUHSUHVHQWDWLYHRIW\SLFDOORZODQG
JUDVVODQGFRQGLWLRQVDQG LL WKHZLGHVSUHDGJURZWK LQ WKHEHOLHI WKDWELRGLYHUVLW\ZDVRIPDMRU
LPSRUWDQFHLQLWVRZQULJKWIRUWKHIXWXUHRIPDQ\DVSHFWVRIWKHVXVWDLQDELOLW\RI8.ODQGVFDSHV
DQGWKHLUPXOWLIXQFWLRQDOLW\$W1RUWK:\NHWKLVZDVLQLWLDOO\HQFDSVXODWHGLQWRVRPHPDMRUSURMHFWV
XQGHUWDNHQE\-HUU\7DOORZLQDQGKLVFROOHDJXHVRQERWDQLFDOGLYHUVLW\
7KH ORQJWHUP VWXG\ RQ JUD]HG VZDUGV DW 7DGKDP
0RRUE\-HUU\7DOORZLQDQG)UDQFLV.LUNKDPH[DPLQHG
WKH HIIHFWV RI PDQDJHPHQW RI KHUEULFK SDVWXUHV
LQ (QYLURQPHQWDOO\ 6HQVLWLYH $UHDV 7KLV FOHDUO\
GHPRQVWUDWHG WKH HIIHFWV RI RQO\ VPDOO TXDQWLWLHV RI
IHUWLOLVHU LQ UHGXFLQJ ELRGLYHUVLW\ DQG KLJKOLJKWHG WKH
PDMRUFKDOOHQJHRIFRPELQLQJDKLJKOHYHORIELRGLYHUVLW\
ZLWKHI¿FLHQWDJULFXOWXUDOSURGXFWLRQ$WWHPSWVLQRWKHU
H[SHULPHQWVWRHQKDQFHELRGLYHUVLW\RIVZDUGVWKDWKDG
EHHQPDQDJHG LQWHQVLYHO\ ZHUH RIWHQ GLVDSSRLQWLQJ
SDUWLFXODUO\ ZKHUH WKHUH ZHUH ODUJH UHVHUYRLUV RI
QXWULHQWVHVSHFLDOO\SKRVSKRUXVZKLFKLQFUHDVHGWKH0DNLQJERWDQLFDODVVHVVPHQWRIGLYHUVHJUDVVODQG

*UDVVODQG6XUYH\V
%HWZHHQWKHODWHVDQGPLGVWKH,QVWLWXWHFRQGXFWHGDVHULHVRIVXUYH\VRIWKHJUDVVODQGRQIDUPV
LQ (QJODQG DQG :DOHV ,QIRUPDWLRQ ZDV JDWKHUHG RQ WKH ERWDQLFDO FRPSRVLWLRQ DJULFXOWXUDO TXDOLW\ DQG
PDQDJHPHQWRIWKHQDWLRQ¶VJUDVVODQGZKLFKZDVLQYDOXDEOHLQLPSURYLQJRXUXQGHUVWDQGLQJRIJUDVVODQGIDUPLQJ
DQGLQKHOSLQJZLWKSULRULWLVDWLRQRIJUDVVODQGUHVHDUFK
7KH¿UVWQDWLRQDOJUDVVODQGVXUYH\FRPSOHWHGLQ±ZDVFDUULHGRXWE\6WDSOHGRQ¶VWHDPDW$EHU\VWZ\WK
7KHVXUYH\PHWKRGFRPELQHGJHQHUDOUHFRQQDLVVDQFHRISDVWXUHW\SHVZLWKDGHWDLOHGUHFRUGRIWUDQVHFWV
RIDERXWKHFWDUHVHDFKDQGWKHUHVXOWVZHUHLQYDOXDEOHIRUSODQQLQJZDUWLPHDJULFXOWXUH,QDQDWLRQDO
JUDVVODQGPDSZDVSXEOLVKHGE\2UGQDQFH6XUYH\EDVHGRQWKHVXUYH\,QDQGWKHQDJDLQLQ
WKHGHWDLOHGWUDQVHFWVZHUHUHH[DPLQHGE\*5,VWDIIDQGDVLQDWWHQWLRQIRFXVVHGRQWKHROGHUVZDUGV
,QWHUHVWLQWKHSRWHQWLDOIRUDJULFXOWXUDOLPSURYHPHQWVKRZHGDQHHGWRDOVRVXUYH\SK\VLFDOIHDWXUHVRIWKHODQG
DQGWRFRQVXOWZLWKRFFXSLHUV)ROORZLQJSUHOLPLQDU\ZRUNE\-RKQ0RUULVRQLQWKHHDUO\VWKHQHZO\IRUPHG
*UDVVODQG,QWHOOLJHQFHDQG6XUYH\7HDPLQFOXGLQJ0LNH1LFKROVRQ$QJXV,GOH5RJHU'DYLHVDQG(ULF(YDQV
ZRUNLQJXQGHU WKHVXSHUYLVLRQRI -RH*UHHQZDVFKDUJHGZLWKD VDPSOHVXUYH\RIZKROH IDUPV LQ
GLVWULFWV RI (QJODQG DQG :DOHV 6XUYH\RUV W\SLFDOO\ ZRUNHG LQ SDLUV LQWHUYLHZLQJ WKH IDUPHU DQG FRYHULQJ
RQHIDUPSHUGD\RQDYHUDJHZLWKERWDQLFDOFRPSRVLWLRQUHFRUGHGIRU LQGLYLGXDO¿HOGVDVDVVHVVHGE\YLVXDO
HVWLPDWLRQRISODQWVSHFLHVSURSRUWLRQVPLQRUVSHFLHVDQGZHHGVZHUHDOVRUHFRUGHG7HQRIWKHVHGLVWULFWVZHUH
UHVXUYH\HGLQDQGE\VWDIIIURP1RUWK:\NHZLWKVXUYH\REMHFWLYHVZKLFKLQFOXGHGLGHQWLI\LQJWKH
IDUPPDQDJHPHQWWKDWKDGEHHQFRPSDWLEOHZLWKODQGVFDSHDQGFRQVHUYDWLRQREMHFWLYHV
'XULQJ±*5, LQSDUWQHUVKLSZLWK$'$6FDUULHGRXWD1DWLRQDO)DUP6WXG\ LQYROYLQJWKHSDUWLFLSDWLRQ
RISUHGRPLQDQWO\SHUPDQHQWJUDVVODQGIDUPV7KLVZDVDUHDOO\PDPPRWKSURMHFWGHWDLOHGIDUPUHFRUGLQJ
ZDVPDGHRYHUWZR\HDUVRQHDFKIDUPLQFOXGLQJDOOLQSXWVRXWSXWVDQGPDQDJHPHQWLQFOXGLQJLQGLYLGXDOGDLO\
¿HOGUHFRUGVRIJUD]LQJ7KH+XUOH\VXUYH\WHDPDJDLQFDUULHGRXWWKH¿HOGUHFRUGLQJRIWKHJUDVVODQGDQGLWV
FRPSRVLWLRQIROORZLQJDVLPLODUPHWKRGWRWKH±VXUYH\EXWWKLVWLPHUHODWLQJWKHJUDVVODQGWRLWVIDUP
RXWSXWLQWHUPVRIXWLOLVHGPHWDEROLVDEOHHQHUJ\DQGWRLWVJUD]LQJPDQDJHPHQWDWWKH¿HOGVFDOH7KHVXUYH\
WHDPZDVDJDLQOHGE\-RH*UHHQZLWK6WHYH3HHO$ODQ+RSNLQV$QGUHZ*LQJHUDQG&\QWKLD/LQNDVLWVFRUH
PHPEHUV2WKHU*5,VWDIIRFFDVLRQDOO\MRLQHGLQDVDVVLVWDQWVJDLQLQJYDOXDEOHH[SHULHQFHWKURXJKIDUPYLVLWV

$IHDWXUHRIWKHVXUYH\VEHWZHHQWKHVDQGZDVWKHRYHUODSSLQJRISHUVRQQHO7KLVZDVDUHÀHFWLRQRI
WKHORQJ\HDUVRIFRQWLQXHGVHUYLFHDQGFRQWULEXWHGPXFKWRDFKLHYLQJFRQVLVWHQF\LQDSSURDFKDQGUHFRUGLQJ
µ7(¶:LOOLDPVKDGZRUNHGZLWK6WDSOHGRQRQWKH¿UVWVXUYH\DQGWKHQRUJDQLVHGWKRVHLQDQG-RH
*UHHQKDGFRQWULEXWHGWRWKHVHDQGRUJDQLVHGWKH±QDWLRQDOVDPSOHVXUYH\DQGWKH±1DWLRQDO
)DUP6WXG\$ODQ+RSNLQVDQG6WHYH3HHOKDGFDUULHGRXWPRVWRIWKH¿HOGZRUNRIWKH1DWLRQDO)DUP6WXG\DQG
WKHQZHQWRQWRRUJDQLVHWKHUHVXUYH\VRIVHOHFWHGGLVWULFWVRIWKHVDPSOHVXUYH\IURP1RUWK:\NHLQWKHV
6DGO\QRQDWLRQDOJUDVVODQGVXUYH\VKDYHEHHQFRQGXFWHGVLQFHWKHODWHVDQGRXWVLGHRIFHUWDLQORFDOLWLHV
VXFKDVGHVLJQDWHG(QYLURQPHQWDOO\6HQVLWLYH$UHDVZHFDQRQO\VSHFXODWHRQWRGD\¶VJUDVVODQGFRPSRVLWLRQ
RXWSXWDQGPDQDJHPHQW
$ODQ+RSNLQV+XUOH\±1RUWK:\NH±
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FRPSHWLWLYHQHVV RI DJJUHVVLYH VSHFLHV DQG UHGXFHG WKH ELRGLYHUVLW\ SRWHQWLDO 7KHVH VWXGLHV
ZHUHLPSRUWDQWLQVWLPXODWLQJUHVHDUFKWRGHYHORSRWKHURSWLRQVDQGODWWHUO\WRLQYROYHWKHJUD]LQJ
UXPLQDQWDVDNH\IDFWRU
$VDFRQVHTXHQFHRIWKHVHLQLWLDOSURMHFWVDQXPEHURIODUJHVFDOHDQGRIWHQORQJWHUPSURMHFWV
VSRQVRUHGE\0$))'HIUDDQGOHGE\RULQYROYLQJ1RUWK:\NHVFLHQWLVWVDQGFROOHDJXHVLQ&(+
$'$6 DQG XQLYHUVLWLHV KDYH EHHQ FRQGXFWHG XQWLO WKH SUHVHQW GD\ 7KHVH SURYLGHG YDOXDEOH
LQIRUPDWLRQRQZKLFKSUDFWLFDOVROXWLRQVWRHQKDQFHELRGLYHUVLW\FRXOGEHEDVHGDQGJXLGHOLQHV

SURYLGHGZKLFKFRXOGEH LQFRUSRUDWHG LQWRDJULHQYLURQPHQWDOVFKHPHVDQGSROLFLHV LQFOXGLQJ
(QYLURQPHQWDO 6WHZDUGVKLS IRU H[DPSOH .H\ ¿QGLQJV KDYH EHHQ WKDW L WKHUH LV D QHHG WR
UHGXFHFRPSHWLWLRQE\UHGXFLQJVRLO IHUWLOLW\ LLVZDUGGLVWXUEDQFHZDVJRRGIRUELRGLYHUVLW\ LLL
WKHUHPXVWEHDQDSSURSULDWHPDQDJHPHQWLQFOXGLQJWDNLQJDODWHFXWDIWHUVZDUGHVWDEOLVKPHQW
LY XVXDOO\ LW LV IHDVLEOH WR UHVWULFW ELRGLYHUVLW\ SURPRWLRQ WR SDWFKHV DQGRU VWULSV RQO\ DQG Y%,2',9(56,7<$1'6<67(065(6($5&+
7KH7DGKDP3URMHFW
&RQÀLFWEHWZHHQIDUPHUVDQGQDWXUHFRQVHUYDWLRQLVWVVSXUUHGRQE\WKHGHVLJQDWLRQRI6LWHVRI6SHFLDO6FLHQWL¿F
,QWHUHVWRQWKH6RPHUVHW/HYHOVLQWKHHDUO\VRSHQHGDQHZFKDSWHURIUHVHDUFKIRU1RUWK:\NH)DUPHUV
RQWKH/HYHOVZDQWHGWREHDEOHWRXVHLQRUJDQLFIHUWLOLVHUVWRERRVW\LHOGVWKHQDWXUHFRQVHUYDWLRQLVWVRQWKH
RWKHUKDQGZHUHFRQYLQFHGWKDWWKLVZRXOGOHDGWRVHYHUHORVVRIELRGLYHUVLW\7KHKD\PHDGRZVRIWKH/HYHOV
ZHUHH[FHSWLRQDOO\ULFKZLOGOLIHKDELWDWV7KHFRQÀLFWKLJKOLJKWHGIXQGDPHQWDOJDSVLQNQRZOHGJHDERXWWKHOLNHO\
LPSDFWV RI IHUWLOLVHUV RQ VSHFLHVULFK JUDVVODQG 6SHFL¿FDOO\ HPSLULFDO HYLGHQFH ZDV QHHGHG WR VXSSRUW WKH
FRQWHQWLRQWKDWHYHQVPDOOLQFUHDVHVLQJUDVVODQGPDQDJHPHQWLQWHQVLW\ZRXOGFDXVHHFRORJLFDOGDPDJH7KHUH
ZDVDOVROLWWOHLQIRUPDWLRQRQKRZUHDGLO\VXFKPHDGRZVFRXOGEHUHVWRUHGDIWHUWKHFHVVDWLRQRIIHUWLOLVHUXVHDQG
WKHUHLQVWDWHPHQWRIWUDGLWLRQDOPDQDJHPHQW
$GGUHVVLQJWKHVHXQFHUWDLQWLHVZDVWKHUHPLWRIWKH7DGKDPSURMHFWZKLFKZDVFRRUGLQDWHGE\1RUWK:\NH
ZLWKWKH,QVWLWXWHRI7HUUHVWULDO(FRORJ\DVUHVHDUFKSDUWQHU7KHSURMHFWZDVFRPPLVVLRQHGE\0$))(QJOLVK
1DWXUHDQGWKH'HSDUWPHQWRIWKH(QYLURQPHQW7KHSURMHFW±OHGLQLWLDOO\E\)UDQFLV.LUNKDPDQG
WKHQE\-HUU\7DOORZLQZLWKWKH,QVWLWXWHRI7HUUHVWULDO(FRORJ\FRPSRQHQWOHGE\2ZHQ0RXQWIRUGZDVGDXQWLQJ
ERWKLQVL]HDQGORJLVWLFV5HPRWHVLWXDWHGLQWKHKHDUWRIWKH6RPHUVHW/HYHOVWKHKDVLWHZDVFULVVFURVVHG
ZLWKGHHSGUDLQDJHFKDQQHOVUK\QHVZKLFKSRVHGDZKROHQHZVHWRIFKDOOHQJHV1RWOHDVWEHLQJWKHSXOOLQJRI
XQZDU\FDWWOHRXWRIUK\QHVE\ODVVRLQJWKHPDQGGUDJJLQJWKHPRXWRIWKHZDWHUE\WUDFWRU
7KHUHVHDUFKGHPRQVWUDWHGWKDWIHUWLOLVHUQLWURJHQLQSXWVDVOLWWOHDVNJKDSHU\HDUZHUHXQVXVWDLQDEOHIRUWKH
SODQWVSHFLHVGLYHUVLW\RIWKH7DGKDPPHDGRZVDQGWKDWWKHDSSOLFDWLRQRILQRUJDQLFSKRVSKRUXVDQGSRWDVVLXP
DOVRFDXVHGUDSLGPDMRUORVVHVWRWKHPHDGRZÀRUDXQGHUFXWWLQJPDQDJHPHQW:HVKRZHGWKDWWKHSURGXFWLYLW\
RIWKHVSHFLHVULFKPHDGRZVXQGHUDUDQJHRIIHUWLOLVHUQLWURJHQLQSXWVFRXOGEHSUHGLFWHGIURPJHQHUDOUHVSRQVH
PRGHOV IRUJUDVVODQG LQ WKH8.DQG WKDW WKHUHZDVQR UHVLGXDOEHQH¿W WRSURGXFWLYLW\ LQ WKH\HDUDIWHU ODUJH
IHUWLOLVHUDSSOLFDWLRQEHFDXVHRIOHDFKLQJORVVHVRIQLWURJHQLQWKHSHDWVRLO7KHWHDPIRXQGWKDWDIWHUVWRSSLQJ
SKRVSKRUXVLQSXWVWKHUHFRYHU\RISODQWGLYHUVLW\ZDVVORZDQGXQFHUWDLQWKLVZDVLQDFFRUGDQFHZLWK¿QGLQJV
RIRWKHUPDMRUVWXGLHVRQJUDVVODQGVHOVHZKHUHLQ(XURSH7KHSURMHFWKLJKOLJKWHGWKHLPSRUWDQFHRIDPHOLRUDWLQJ
HOHYDWHG VRLO IHUWLOLW\ FRQGLWLRQV SULRU WR ELRGLYHUVLW\ UHVWRUDWLRQ 7KLV IRUHVKDGRZHG DQ HFRORJLFDO UHVWRUDWLRQ
UHVHDUFKWKHPHDW1RUWK:\NHWKDWFRQWLQXHVWRWKHSUHVHQW7KHSURMHFWZDVDPRQJVWRQO\DIHZVWXGLHVWKDW
LGHQWL¿HG WKH LPSRUWDQW UROH RI JUD]LQJ WKH UHJURZWK IURP WKH KD\ FXW LQ DPHOLRUDWLQJ IHUWLOLVHU HIIHFWV DQG LQ
PDLQWDLQLQJ VSHFLHVULFKQHVV LQ PHDGRZV 3ULRU WR WKLV SURMHFW WKHUH KDG EHHQ IHZ ZHOOGRFXPHQWHG
PXOWLGLVFLSOLQDU\VWXGLHVRQELRGLYHUVHJUDVVODQGWKHSURMHFWSXW1RUWK:\NHRQWKHHFRORJLFDOPDSE\VHWWLQJD
EHQFKPDUNIRUVXVWDLQDEOHPDQDJHPHQWRIVXFKPHDGRZVLQWKH8.7KH¿QGLQJVXQGHUSLQQHGWKHIRUPXODWLRQRI
DJULHQYLURQPHQWDOSROLF\RQIHUWLOLVHUXVHIRUVSHFLHVULFKKD\PHDGRZV
7KH SURMHFW FDPH WR DQ HQG OLNH VR PDQ\ HFRORJLFDO H[SHULPHQWV ZKHQ LWV YDOXH ZDV VWLOO LQ LWV LQIDQF\
7DGKDPZDVDFODVVLFUHVHDUFKµSODWIRUP¶ZKLFKLQLWVVHYHQ\HDUOLIHSURGXFHGWZHOYHVFLHQWL¿FSDSHUVRQH3K'
DQG IHDWXUHG LQPRUH WKDQ¿YH LQWHUQDWLRQDODQGQDWLRQDOFRQIHUHQFHVRQJUDVVODQGPDQDJHPHQWDQGQDWXUH
FRQVHUYDWLRQ
7RWKHPDQ\ZKRDVVLVWHGZLWKWKH7DGKDPSURMHFWVZHDWLQJDQGRUVQHH]LQJWKHLUZD\WKURXJKKD\VDPSOLQJ
VHHPLQJO\HQGOHVVZHLJKLQJDQGJULQGLQJRIVDPSOHVVSHQGLQJKRXUVLQDSSDUHQWUHOLJLRXVGHYRWLRQWRERWDQLFDO
VXUYH\VFXUVLQJWKHSHUYHUVLW\RIFDWWOHWKDWUHSHDWHGO\MXPSHGLQWRUK\QHVLWZDVQHYHUWKHOHVVDPHPRUDEOH
H[SHULPHQW
-HUU\7DOORZLQ+XUOH\±1RUWK:\NH±

6RLO3KRVSKRUXVDQG*UDVVODQG3ODQW'LYHUVLW\
$¿QHSLHFHRIURDVWEHHIDQGDQH[FHOOHQWERWWOHRI
UHGZLQHKDGDGH¿QLQJUROHLQWKHLQLWLDWLRQRIDQHZ
SKDVH RI DJURHFRORJLFDO UHVHDUFK DW 1RUWK :\NH
7KHFRQWH[WEHLQJDGLQQHULQWKHVXPPHURI
DWZKLFK$ODLQ3HHWHUVRQVDEEDWLFDOOHDYHDW1RUWK
:\NH IURP WKH 8QLYHUVLWH &DWKROLTXH GH /RXYDLQ 
LQ %HOJLXP DQG , KDWFKHG WKH LGHD RI D (XURSHDQ
SURMHFW WR ORRNDW WKH LQWHUDFWLRQEHWZHHQH[WHQVLYH
PDQDJHPHQWRIJUDVVODQGDQGELRGLYHUVLW\DJURQRPLF
RXWSXWDQGVRFLRHFRQRPLFYDOXH7KLVEHFDPH WKH
(*52 SURMHFW ZKLFK ZDV FRRUGLQDWHG E\ 1RUWK
:\NH$ODLQDQGKLVUHVHDUFKWHDP-DQ%DNNHUDQGKLV
WHDPDWWKH8QLYHUVLW\RI*URQLQJHQ7KLHV2RPHVDW
:DJHQLQJHQDQG)HGHULFR)LOODWDQGKLVWHDPDWWKH
,QVWLWXWR 3LUHQDLFR GH (FRORJtD DW =DUDJR]D ZHUH
WKH SULQFLSDO FROODERUDWRUV $PRQJVW WKH VFLHQWL¿F
REMHFWLYHVRI WKLVSURMHFWZDVRQH WR LGHQWLI\YDOXHV
RI VRLO PDFURQXWULHQW DYDLODELOLW\ DQG SULPDU\
SURGXFWLRQ LQ H[WHQVLYHO\ PDQDJHG VHPLQDWXUDO
JUDVVODQGVWKDWDOORZVSHFLHVULFKSODQWFRPPXQLWLHV
WRGHYHORSDQGEHPDLQWDLQHG
7KH(*52SURMHFWHVWDEOLVKHGDJHQHUDOUHODWLRQVKLS
EHWZHHQ JUDVVODQG ERWDQLFDO GLYHUVLW\ DQG VRLO
SKRVSKRUXV VWDWXV 6XEVHTXHQW 'HIUDIXQGHG
UHVHDUFK OHG E\ 5LFKDUG %DUGJHWW DW /DQFDVWHU
8QLYHUVLW\LQZKLFKZHDW1RUWK:\NH5RJHU6PLWKDW
1HZFDVWOH8QLYHUVLW\DQG6LPRQ0RUWLPHUDW5HDGLQJ
8QLYHUVLW\ FROODERUDWHG IXUWKHU FRQ¿UPHG WKH
UHODWLRQVKLS EHWZHHQ SRRU VRLO SKRVSKRUXV VXSSO\
DQGJUDVVODQGVRIQDWXUHFRQVHUYDWLRQYDOXH7KHVH
UHVHDUFK ¿QGLQJV QRZ XQGHUSLQ DJULHQYLURQPHQWDO
SROLF\RQJUDVVODQGÀRULVWLFGLYHUVLW\UHVWRUDWLRQDQG
PDLQWHQDQFHLQWKH8.
7KH(*52SURMHFWJHQHUDWHGDVXEVWDQWLDOHFRORJLFDO
DQG DJURQRPLF GDWDEDVH RQ WKH VHPLQDWXUDO
JUDVVODQGV RI :HVWHUQ (XURSH )URP D QDWLRQDO
SHUVSHFWLYHWKHGDWDEDVHZDVLQYDOXDEOHWRDUHYLHZ
RIWKHDJULFXOWXUDOSURGXFWLYLW\RIORZODQGVHPLQDWXUDO
JUDVVODQG LQ WKH 8. $ PHDVXUH RI WKH TXDOLW\ RI
VFLHQFH HPDQDWLQJ IURP WKLV SURMHFWZDV UHFHLSW RI
WKH6RXWKZRRG3UL]HRIWKH%ULWLVK(FRORJLFDO6RFLHW\
IRUWKHEHVWSDSHUSXEOLVKHGLQWKH-RXUQDORI$SSOLHG
(FRORJ\LQLQZKLFK5RJHU6PLWKRI1RUWK:\NH
ZDVDFRDXWKRU
-HUU\7DOORZLQ+XUOH\±1RUWK:\NH±
VRPHVSHFLHVDUHPRUHHDVLO\LQWURGXFHGWKDQRWKHUV
DQG\HOORZUDWWOHZLWKDVHPLSDUDVLWLFLQWHUDFWLRQZLWK
VWURQJ FRPSHWLWRUV FDQ SURGXFH SDUWLFXODU EHQH¿WV
$QRWKHU DSSURDFKE\$ODQ+RSNLQVZDV WR LQWURGXFH
GHHSURRWHG VSHFLHV ZLWK WKH VSHFL¿F REMHFWLYH RI
µPLQLQJ¶ QXWULHQWV DQG UHGXFLQJ QLWURJHQ OHDFKLQJ
7KLV LV RI SDUWLFXODU LPSRUWDQFH LQ RUJDQLF V\VWHPV
:KLOVWWKLVQXWULHQWPLQLQJHIIHFWZDVFRQVLGHUHGWREH
LPSRUWDQWWKHLQWURGXFWLRQRIVXFKVSHFLHVLQWRJUD]HG
VZDUGVZDVDOVRWKRXJKWWRFRQYH\SDODWDELOLW\EHQH¿WV

7KH UROH RI WKH KHUELYRUH LQFOXGLQJ WKH JUD]LQJ
UXPLQDQW LQ GHWHUPLQLQJ VZDUG VWUXFWXUH LV DOO
LPSRUWDQW LQ KHOSLQJ WR GHYHORS ELRGLYHUVLW\ WKURXJK
HIIHFWVRQQLFKHFUHDWLRQDQGGLVSHUVDORISURSDJDWLRQ
PDWHULDO 5HVHDUFK WHDPV OHG E\ -HUU\ 7DOORZLQ
DQG $QGUHZ 5RRN H[DPLQHG WKH UROH RI FDWWOH LQ
PDQLSXODWLQJ WKH FDQRS\ VWUXFWXUHDUFKLWHFWXUH
LQ GHWHUPLQLQJ VZDUG FRPSRVLWLRQ DQG DV D
FRQVHTXHQFH LQÀXHQFLQJ IDXQDO DVVHPEOLHV DQG
WKHUHIRUH WKH VXSSO\ RI IRRG IRU IXUWKHU XS WKH IRRG
FKDLQ7KLVZDVIXUWKHUOLQNHGZLWKRWKHUVWXGLHVZKLFK
H[DPLQHGWKHLQWHUDFWLRQVEHWZHHQELRGLYHUVLW\FDWWOH
EUHHGDQGSURGXFW EHHI FRPSRVLWLRQDQG WDVWH DQG
JUD]LQJ RQ LPSURYHG VSHFLHVSRRU RU PRUH GLYHUVH
VHPLQDWXUDO SDVWXUHV 5HVHDUFK DOVR GHPRQVWUDWHG
WKH LPSRUWDQW UROH WKDWPDQLSXODWLQJ ¿HOGPDUJLQVE\
JUD]LQJPRZLQJRUVRZLQJSODQWVKDVLQSURYLGLQJIHHG
RU VKHOWHU IRU LQVHFW DQGELUG OLIH$ MRLQW SURMHFWZLWK
/DQFDVWHU8QLYHUVLW\GLIIHUHQWLDWHGDQGHYDOXDWHG WKH
UHODWLYHUROHVRIDERYHDQGEHORZJURXQG
SURFHVVHV LQ LPSDFWLQJ XSRQ FRPSHWLWLYH
DELOLW\ DQG PDLQWDLQLQJ RU UHVWRULQJ
ELRGLYHUVLW\7KHUHZDV WKXVDQHYROXWLRQ
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([SHULPHQWDOVLWHRQ7DGKDP0RRU
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LQWKHUHVHDUFKSURJUDPPHWKDWFRQFHQWUDWHGLQLWLDOO\DOPRVWHQWLUHO\RQÀRUDOGLYHUVLW\WRRQHWKDW
FRQVLGHUHGELRGLYHUVLW\LQPXFKEURDGHUWHUPVWRLQFOXGHELUGVLQVHFWVVRLOIDXQDDQGPLFUREHV
7KHFKDOOHQJHVWLOO UHPDLQHGKRZHYHU WRSURYLGHPHFKDQLVPV WKDWZHUHDEOH WRFRPELQH WKH
UHTXLUHPHQWVIRUERWKELRGLYHUVLW\DQGDJULFXOWXUDORXWSXWWKDWPHWWKHHFRQRPLFDQGRWKHUQHHGV
RIWKHIDUPHU:KLOVWWKLVSURYHGGLI¿FXOWLQPDQ\FLUFXPVWDQFHVZKHUHWKHGULYHUVZHUHHQWLUHO\
GLFWDWHG E\ HFRQRPLF QHHGV LQ RWKHUPRUH VSHFLDOLVHG VLWXDWLRQV ORZ LQSXW QLFKH DQG ORFDO
SURGXFWVIRUH[DPSOHWKHUHVHDUFKGHPRQVWUDWHGFOHDURSSRUWXQLWLHVIRUDWOHDVWSDUWLDOVXFFHVV
LQPHHWLQJERWKUHTXLUHPHQWV7KHZRUNKDVODLGWKHIRXQGDWLRQVIRUIXWXUHUHTXLUHPHQWVDVWKH
QHHGIRUIRRGVHFXULW\JURZVLQRUGHUWREHDEOHWRHQVXUHWKDWDQ\LQFUHDVHGGULYHIRUSURGXFWLRQ
MHRSDUGLVHVELRGLYHUVLW\RQO\PLQLPDOO\7RGRWKLVZLOOKRZHYHUUHTXLUHWKHPDLQWHQDQFHRIORQJ
WHUPDQGODUJHVFDOHV\VWHPVDSSURDFKHVIRUUHVHDUFKWRSURYLGHUHOHYDQWDQGSUDFWLFDORSWLRQV
6\VWHPV5HVHDUFKDQG0RGHOOLQJ
7KHUHVHDUFKEULHIRI WKH,QVWLWXWHKDVDOZD\VEHHQEURDGDQGKDVDVQRWHGHOVHZKHUHEHHQ
GLIIHUHQWLDWHG LQWR PDQ\ DQG GLYHUVH GLVWLQFW DQG IRFXVVHG FRPSRQHQWV RI WKH FRPSOH[LWLHV
RI JUDVVODQG V\VWHPV WKH VWUXFWXUH RI D JUDVVODQGEDVHG SURGXFWLRQ V\VWHP LV PXFK PRUH
FRPSOH[ZLWKPRUHLQWHUDFWLRQVWKDQIRUH[DPSOHDJUDLQSURGXFLQJHQWHUSULVH+RZHYHULWKDV
DOZD\VEHHQUHFRJQLVHGWKDWWKHUHLVDQHHGWRFRQVLGHUWKHZKROHV\VWHPDQGDOOLWVLQWHJUDWHG
SDUWV$V\VWHPFDQPHDQDOOWKLQJVWRDOOPHQWKHVRLOWKHSODQWWKHUXPLQDQWHWFFDQEHDQG
KDYHEHHQ FRQVLGHUHG WREH V\VWHPVEXW LQ WKH FRQWH[W RI WKH ,QVWLWXWH¶V DFWLYLWLHV V\VWHPV
KDYHDOVREHHQVWXGLHGDWVFDOHV ODUJHU WKDQ WKHVH IRUH[DPSOHPDQDJHPHQWV\VWHPV IDUP
VFDOHDQGPRUHODWWHUO\FDWFKPHQWVDQGODQGVFDSHV7KHUHKDVWKXVEHHQDORQJDQGLPSRUWDQW
KLVWRU\ RI XVLQJ ODUJHVFDOH DQG RIWHQ ORQJWHUP H[SHULPHQWV DQG IDUPEDVHG VWXGLHV DQG
GHYHORSLQJ PDWKHPDWLFDO PRGHOV WR FDSWXUH WKH LQWHUDFWLRQV DQG HIIHFWV HLWKHU HPSLULFDOO\
RUPHFKDQLVWLFDOO\ IRU SUDFWLFDO RU WKHRUHWLFDO GH¿QLWLRQ RU SUHGLFWLRQ RI WKH SDUWLFXODU LVVXHV
'XULQJWKHHDUO\VWDJHVWKHZRUNIRFXVVHGSDUWLFXODUO\RQNH\VHFWRUVRIJUDVVODQGPDQDJHPHQW
DQGRQSDUWLFXODUIDFHWVRIWKHVHDQGWKHLUV\QWKHVLVLQWRHIIHFWLYHQHZRSWLRQVIRUIDUPHUV7KLV
DFWLYLW\ZDVSDUWLFXODUO\WDUJHWHGDWXVLQJWKHLQIRUPDWLRQWKDWZDVEHLQJDFFXPXODWHGE\*5,WR
GHYHORSV\VWHPVIRU WKHHIIHFWLYHXVHRI LQWHQVLYHJUDVVSURGXFWLRQIRUEHHIDQGVKHHSDQGWR
LQFRUSRUDWHDQXPEHURIWKHFRPSRQHQWVRIDZKROHSURGXFWLRQV\VWHPKHUEDJHSURGXFWLRQLQWDNH
IHHGFRQYHUVLRQPHDWSURGXFWLRQIRUH[DPSOH7KH¿UVWODUJHVFDOHµIDUPOHW¶H[SHULPHQWVZHUHOHG
E\)UDQN$OGHURYHUD\HDUSHULRGIURPWKHPLGV7KHVHZHUHPXOWLIDFHWHGLQREMHFWLYHV
DQG OD\RXW DQG LQFRUSRUDWHG FRPSRQHQWV RI JUD]LQJVXSSOHPHQWDU\ IHHGLQJVHHG PL[WXUHV
DQGRWKHUPDQDJHPHQWIDFWRUV7KLVZDVIROORZHGE\UHVHDUFKLQWKHVDQGVFRQGXFWHG
E\.HQ%DNHU'LFN%DNHU%RE/DUJH7LP7UHDFKHU -RQ1HZWRQDQGRWKHUVZKLFK LQFOXGHG
ZRUNXQGHUH[SHULPHQWDO FRQGLWLRQVDW+XUOH\DQGGHYHORSPHQWSURMHFWVRQ IDUPV 7KHZRUN
SURYLGHGPXFKLQIRUPDWLRQDVGLGWKHRWKHUSURGXFWLRQVWXGLHVDOUHDG\QRWHGWREHXVHGIRUWKH
GHYHORSPHQWRIQRYHOPDQDJHPHQWV2WKHUV\VWHPVFDOHVWXGLHVDWWKLVWLPHVKRZHGWKHHIIHFWVRI
SDVWXUHTXDOLW\RQUHSURGXFWLRQODFWDWLRQDQGJURZWKDOORIZKLFKSOD\HGDODUJHUROHLQWKHOHDSLQ
%,2',9(56,7<$1'6<67(065(6($5&+
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DQLPDO SURGXFWLRQ DFKLHYHG RQ SDVWXUHV WKURXJK WKH
VDQGV7KLVZRUNGHPRQVWUDWHGWKHFDSDFLW\
IRUWKHPD[LPXPRSWLPDOXVHRIKHUEDJHHLWKHUJUD]HG
RU FRQVHUYHG LQ SUDFWLFDO RQIDUP PDQDJHPHQWV
2EMHFWLYH PRGHOV ZHUH SURGXFHG ZKLFK GH¿QHG
LQSXWRXWSXW UHODWLRQVKLSV LQFOXGLQJ WKRVH IRU WKH
µFRZFDOI¶ SURGXFWLRQ XQLW RIWHQ LQ YHU\ VLPSOLVWLF
WHUPV DW WKLV VWDJH 7KLV LQIRUPDWLRQ DQG PRGHOOHG
RXWSXWV ZHUH WKHQ XVHG WR LQIRUP VWXGLHV DW
([SHULPHQWDO +XVEDQGU\ )DUPV RU IRU LQFRUSRUDWLRQ
LQWR SUDFWLFDO PDQDJHPHQW VWUDWHJLHV 7KLV ZDV
GHPRQVWUDWHG ZHOO E\ WKH FRPELQDWLRQ RI V\VWHPV±
W\SH H[SHULPHQWDWLRQ RQ VKHHS PDQDJHPHQW XQGHU
WDNHQE\-RQ1HZWRQZLWK3HWHU(GHOVWHQ¶VVLPXODWLRQ
PRGHOOLQJ7KLVSURGXFHGSUDFWLFDODQGHIIHFWLYHQHZ
JXLGHOLQHVIRUVKHHSSURGXFWLRQ
$QLPSRUWDQWGHYHORSPHQWZDVWKHIRUPDWLRQLQRI
D6\VWHP6\QWKHVLVXQLWOHGLQLWLDOO\E\-RKQ-RQHVDQG
WKHQE\'LFN%URFNLQJWRQ7KHEULHIZDVWRREMHFWLYHO\
EXLOG DQG WHVW PRGHOV DQG LGHQWLI\ JDSV 2YHU WLPH
PRGHO EXLOGLQJ HYROYHG DQG FKDQJHG DQG PRGHOOHUV
EHFDPH PRUH DQG PRUH LQWHJUDWHG ZLWK VFLHQWLVWV
ZLWKLQ SDUWLFXODU DUHDV ,Q FRQWUDVW WR WKH HDUOLHU
µPRGHOV¶ WKHUH ZDV QRZ DQ HPSKDVLV RQ FKDQJLQJ
IURP WKH RIWHQ VLPSOH µEDFN RI WKH HQYHORSH¶ W\SH RI
FDOFXODWLRQVWKDWZHUHWKHEDVLVRIPDQ\RIWKHFKDQJHV
DQGUHFRPPHQGDWLRQVWRDPRUHIRUPDOPDWKHPDWLFDO
UHSUHVHQWDWLRQ RU VLPXODWLRQ RI WKH V\VWHPV EHLQJ
VWXGLHG0DQ\RI WKHPRGHOVSURGXFHGKDYHEHHQQRWHGHOVHZKHUH WKURXJKRXW WKLVERRNEXW
WKRVHGHYHORSHGE\-LP)UDQFHRQWKHNLQHWLFVDQGPHWDEROLFSURFHVVHVRIUXPHQIXQFWLRQDQG
HI¿FLHQF\7RQ\3DUVRQVDQGRWKHUVRQJUD]LQJLQWHUDFWLRQV-RKQ7KRUQOH\RQWKHµ+XUOH\3DVWXUH
0RGHO¶%RE&UDEWUHHRQ WKHRSWLPDOPDQDJHPHQW SROLFLHV IRU GDLU\ V\VWHPV&KULV'R\OH RQ
HFRQRPLFVRIJUDVVODQGV\VWHPVDQG'DYLG6FKROH¿HOGDQGRWKHUVRQQXWULHQWÀRZVKDYHEHHQ
VHPLQDODQGKDYHKDGHVSHFLDOLPSDFWRQWKHGHYHORSPHQWRIWKHVFLHQFHDQGSUDFWLFDODVSHFWV
RIJUDVVODQGVWKURXJKRXWWKHZRUOG0DQ\RIWKHVHDUHVWLOOYHU\LQÀXHQWLDOWRGD\
0RUHUHFHQWO\VRLOQXWULHQWPDQDJHPHQWWRPLQLPLVHHQYLURQPHQWDOLPSDFWSURYLGHGDPDMRUIRFXV
WRXQGHUVWDQGWKHZLGHUVFDOHFRPSOH[LWLHVDWWKHV\VWHPVVFDOHRIWKHLQWHUDFWLRQDQGFRQWUROV
RYHUWKHORVVHVRILQLWLDOO\QLWURJHQDQGWKHQSKRVSKRUXVLQWRZDWHUVDQGDLU$OWKRXJKIXQGLQJ
SDWWHUQVODWWHUO\WHQGHGWRIDYRXUVLQJOHFRPSRQHQWLVVXHVFRRUGLQDWLRQRIDEURDGVSHFWUXPRI
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(LJKWHHQ0RQWK2OG%HHI3URGXFWLRQ
7KHGHYHORSPHQWRIDQ LQWHQVLYHJUDVVODQGV\VWHP
RI EHHI SURGXFWLRQZDV XQGHUWDNHQ WR GHPRQVWUDWH
WKDW WKH DFFXPXODWHG NQRZOHGJH IURP UHVHDUFK RQ
WKHJURZWKRIJUDVVDQG LWVXWLOLVDWLRQFRQGXFWHGDW
+XUOH\DQG LQH[WUDPXUDO WULDOVRQ IDUPV FRXOGEH
HIIHFWLYHO\ V\QWKHVLVHG LQWR D ZRUNDEOH V\VWHP ,W
ZDV EDVHG XSRQ DXWXPQERUQ FDOYHV IHG RQ KLJK
TXDOLW\ JUD]LQJ DQG VLODJH SOXV FRQWUROOHG LQSXWV RI
FRQFHQWUDWHVVRDVWRDFKLHYHWDUJHWUDWHVRIJURZWK
7KHZRUNZDVVLJQL¿FDQWDVDQHDUO\DWWHPSWWREDVH
DGYLFH RQ DQ XQGHUVWDQGLQJ RI WKH SULQFLSOHV DQG
LQWHUDFWLRQVRFFXUULQJZLWKLQV\VWHPV:KLOVWODFNLQJ
WKHVRSKLVWLFDWLRQRIPDWKHPDWLFDOPRGHOOLQJZKLFK
ODWHU EHFDPH SRVVLEOH ZLWK GHYHORSPHQWV LQ
FRPSXWLQJ LW GLG HPEUDFH WKH FRQVHTXHQFHV RI
LQWHUDFWLRQVEHWZHHQJURZWK UDWH VODXJKWHUZHLJKW
VWRFNLQJUDWHDQGHIIHFWVRQWKHDUHDVWREHVHWDVLGH
IRUJUD]LQJDQGFRQVHUYDWLRQ&UXFLDOWRXQGHUVWDQGLQJ
DSSURSULDWH PDQDJHPHQWV ZDV UHVHDUFK RQ KRZ
IRUDJH TXDOLW\ FKDQJHG ZLWK WLPH DQG RQ HI¿FLHQW
VLODJHPDNLQJ+RZHYHULWZDVWKHDGYHQWRIWKHIRUDJH
KDUYHVWHU WKDW PHDQW PDQDJHPHQWV FRXOG EH
XQGHUWDNHQ RQ D WLPH EDVLV UDWKHU WKDQ EHLQJ
ZHDWKHUGHSHQGHQW
7KHVXFFHVVRIWKLVV\VWHPRQIDUPVRZHVPXFKWR
RUJDQLVDWLRQVZLWKVLPLODUREMHFWLYHVFRPLQJWRJHWKHU
WR IRUP D -RLQW %HHI 3URGXFWLRQ &RPPLWWHH DQG WR
SXEOLVK D KDQGERRN WKURXJK WKH %HHI 5HFRUGLQJ
$VVRFLDWLRQ $ VHFRQG HGLWLRQ IROORZHG IURP WKH
0HDWDQG/LYHVWRFN&RPPLVVLRQZKLFKLQFRUSRUDWHG
WKHLU ¿QGLQJV IURP IDUPV 7KH KDQGERRNV SURYHG
H[WUHPHO\ SRSXODU ZLWK DGYLVRUV IDUPHUV WHDFKHUV
DQG VWXGHQWV DQG GHDOW ZLWK WKH SK\VLFDO DQG
¿QDQFLDO LPSOLFDWLRQVRI YDULDWLRQV WKDWDUHSRVVLEOH
DQGRFFXUUHGLQSUDFWLFH
'LFN%DNHU+XUOH\±

SURMHFWVRYHUWKHZKROHSURJUDPPHPHDQWWKDWLWZDVRIWHQSRVVLEOHWRGHSOR\IXQGLQJWRDFKLHYH
PXOWLSOHREMHFWLYHV+RZHYHUWKDWZDVQRWDOZD\VWKHFDVHDQGODUJHDQGH[WHQGHGSURJUDPPHV
RQQLWURJHQZHUHDOVRIXQGHGE\'HIUDWRDFKLHYHPXOWLSOHREMHFWLYHV7KLVZDVNH\WRSURYLGLQJ
XQGHUVWDQGLQJ RI WKH LQWHUDFWLRQV EHWZHHQ VRLOEDVHG SURFHVVHV LQ WHPSHUDWH VRLOV VXFK DV
PLQHUDOLVDWLRQ LPPRELOLVDWLRQQLWUL¿FDWLRQDQG OHDFKLQJDQG WKHLU LQWHUDFWLRQZLWKPDQDJHPHQW
LQGHWHUPLQLQJ ORVVHVWRZDWHUV$QHDUOLHUVWXG\E\ µ7(¶:LOOLDPVDQG&RQ&OHPHQWKDGVHWD
SUHFHGHQWDW+XUOH\E\ORRNLQJDWWKHORQJWHUPDVSHFWVRIWKHHIIHFWVRIDV\VWHPVDSSURDFKWR
PDQDJHPHQWYDULRXVJUDVVVZDUGVDQGDEDUOH\FURSURWDWLRQZKLFKGH¿QHGWKHHIIHFWVRIVZDUG
PDQDJHPHQW LQFOXGLQJ JUD]LQJ RQ SURGXFWLRQ ORQJWHUP VRLO IHUWLOLW\ FDUERQ DQG VRLO RUJDQLF
PDWWHUDFFXPXODWLRQLQJUDVVVZDUGVDQGFHUHDOURWDWLRQV+RZHYHUWKHVXEVHTXHQWZRUNLQD
UDQJHRIODUJHVFDOHVWXGLHVOHGE\'DYLG6FKROH¿HOG%ULDQ3DLQDQG6WHYH-DUYLVPDGHPDMRU
VWULGHV LQ UDLVLQJ WKH OHYHORIXQGHUVWDQGLQJRI WRWDOQXWULHQWÀRZV IRUJUDVVODQGVRLOVDQG WKHLU
SURGXFWLRQ V\VWHPV WR WKRVH DOUHDG\ DYDLODEOH IRU WLOOHG DUDEOH VRLOV$W DQ HDUO\ VWDJH LQ WKH
QLWURJHQUHVHDUFKSURJUDPPH1RUWK:\NHDQGRWKHURUJDQLVDWLRQVZHUHLQYROYHGLQWKHDQDO\VLV
RIWKHSURVDQGFRQVRIDFRPSOHWHIDUPVFDOHVWXG\WRIROORZQRWMXVWQXWULHQWEHKDYLRXUEXWDOVR
DOODVSHFWVRIELRGLYHUVLW\DQGRWKHUIHDWXUHVRIODQGPDQDJHPHQW7KHUHZDVHQWKXVLDVPE\DOO
IRUWKLVH[FHSWE\IXQGHUVZKREDONHGDWWKH¿QDQFLDOLPSOLFDWLRQVRIVXFKDSURMHFW+RZHYHU
WKHLPSRUWDQFHDQGUHOHYDQFHRIGRLQJWKLVKDVUHPDLQHGDQGWKHFXUUHQWGHYHORSPHQWVDW1RUWK
:\NHXQGHUOLQHWKHVLJQL¿FDQFHRIWDNLQJWKLVZKROHIDUPDSSURDFK
7KH 5RZGHQ GUDLQDJH H[SHULPHQW KDV SURYLGHG D NH\ ORFDWLRQ IRU WKH QLWURJHQ DQG RWKHU
QXWULHQWVWXGLHV ,WV LQLWLDOXVHE\7HG*DUZRRG.HQ7\VRQDQGRWKHUVDQG MRLQWO\ZLWK$'$6
FRQVLGHUHGWKHJUDVVODQGV\VWHPDVIDUDVVRLOFRQGLWLRQVGUDLQDJHZDWHUVWDWXVDQGQLWURJHQ
LQSXWLQÀXHQFHGEHHISURGXFWLRQRYHUDQXPEHURI\HDUVDQGSURYLGHGDV\VWHPVWXG\LQLWVRZQ
ULJKW 7KH ZRUN FOHDUO\ VKRZHG WKDW DOWKRXJK GUDLQDJH KDG LPSDFW RQ WKH SDWWHUQ RI SDVWXUH
JURZWKWKHUHZDVRYHUDOOOLWWOHEHQH¿WLQWHUPVRIOLYHZHLJKWJDLQDQGWKHHFRQRPLFVRIEHHIFDWWOH
SURGXFWLRQ7KH LQWHUDFWLRQV ZLWK QLWURJHQ ZHUH DOVR QRWHG DQG WKH H[SHULPHQWDO V\VWHP WKHQ
EHFDPH WKH IRFXV IRUJUDVVODQGQLWUDWH OHDFKLQJVWXGLHVDQGDVQRWHGHOVHZKHUHDOORZHGXV
WR LQGLFDWH WKH H[WHQW RI ORVVHVZKHQ W\SLFDO ORZODQG JUDVVZDV JUD]HG LQ D UHDOLVWLF ZD\ E\
FDWWOH 7KH HIIHFWV RI GUDLQDJH QRZ
EHFDPH YHU\ LPSRUWDQW DV GLG WKH
HIIHFWVRIQLWURJHQIHUWLOLVHULQSXWVDQG
WKH LQFUHDVHG FDUU\LQJ FDSDFLW\ WKDW
WKLVDOORZHG7KHQIXOOHUXQGHUVWDQGLQJ
RI WKH LQWHJUDWLRQ RI RWKHU QLWURJHQ
SURFHVVHVZDVEXLOWXSRYHUWLPHVRWKDW
DPXFKPRUHFRPSOHWHSLFWXUHRIWKH
FRQWUROVRYHUQLWURJHQÀRZVZLWKLQDQG
IURP JUD]LQJ V\VWHPVZDV DFKLHYHG
%,2',9(56,7<$1'6<67(065(6($5&+
2XWSXWIURP1&<&/(PRGHORIQLWURJHQÀRZV
LQJUDVVODQGV\VWHPV

2YHUWKHVDPHSHULRGWKHZRUN OHGE\%ULDQ3DLQRQVOXUULHVDQGPDQXUHVZDVPRYLQJDORQJ
PXFK WKH VDPH OLQHV LQ WHUPV RI WU\LQJ WR LQWHJUDWH XQGHUVWDQG DQG TXDQWLI\PXOWLSOH HIIHFWV
RIPDQXUHPDQDJHPHQW 7KLV ZDV HVSHFLDOO\ LPSRUWDQW EHFDXVH LW ZDV FOHDUO\ GHPRQVWUDWHG
WKDWFKDQJLQJDQ\VWDJHRIWKHPDQXUHSURGXFWLRQSURFHVVIURPJHQHUDWLRQLQDQLPDOKRXVHV
VWRUDJHWKURXJKWRDSSOLFDWLRQRQODQGWRIRUH[DPSOHUHGXFHWKHHIIHFWRIRQHSURFHVVKDG
UHSHUFXVVLRQVIRUERWKWKDWSURFHVVDWODWHUVWDJHVDQGDOVRIRUWKHHIIHFWVRIRWKHUSURFHVVHV
7KXV VWHSV WDNHQ WR UHGXFH DPPRQLD ORVVHV IURP VWRUDJH IURP VOXUU\ LQ WDQNV IRU H[DPSOH
PD\ LQFUHDVH WKH RSSRUWXQLW\ IRU LQFUHDVHG ORVV DW VSUHDGLQJ RU DQ LQFUHDVH LQ GHQLWUL¿FDWLRQ
SRWHQWLDO,QRWKHUZRUGVDOLIHF\FOHXQGHUVWDQGLQJRIWKHFRPSOHWHRQIDUPF\FOHRIWKHPDQXUH
PDQDJHPHQW V\VWHP ZDV UHTXLUHG $W 1RUWK :\NH WKLV FXOPLQDWHG LQ WKH GHYHORSPHQW RI
H[SHULPHQWDODQLPDOKRXVLQJDQGPDQXUHVWRUDJHIDFLOLWLHVZKLFKZHUHWKHQFRXSOHGWRVWXGLHVRQ
WKHDSSOLFDWLRQWHFKQLTXHVIRUPDQXUHVDQGVOXUULHVWRSURYLGHDIXOOOLIHF\FOH7KLVDSSURDFKZDV
LQVWUXPHQWDODPRQJVWRWKHUWKLQJVLQTXDQWLI\LQJWKHWUDGHRIIVEHWZHHQDPPRQLDHPLVVLRQDQG
QLWURXVR[LGHSURGXFWLRQDIWHUDFWLRQVZHUHXQGHUWDNHQWRUHGXFHDPPRQLDYRODWLOLVDWLRQE\EDQG
VSUHDGLQJRUVKDOORZLQMHFWLRQIRUH[DPSOH
$IXUWKHUVWDJH LQ WKHV\VWHPVDSSURDFKWRXQGHUVWDQGLQJQXWULHQWÀRZVZDVWKHGHYHORSPHQW
RI WKH 1RUWK :\NH µIDUPOHWV¶ ZLWK D UDQJH RI QHZ PDQDJHPHQWV LPSRVHG RQ WKH 5RZGHQ
H[SHULPHQW DQG DOVR DW D FRQWUDVWLQJ IUHHO\GUDLQLQJ VRLO DW 'H %DWKH &URVV VRPH ± NP
DZD\7KHWUHDWPHQWVQRZFRPELQHGIXUWKHUFRPSRQHQWVRIJUDVVODQGPDQDJHPHQWZLWKLQRQH
KHFWDUHDUHDVVRWKDWFXWWLQJIRUVLODJHJUD]LQJPDQXUHVOXUU\UHWXUQDQGGLIIHUHQWDSSURDFKHV
WRIHUWLOLVHUPDQDJHPHQWDQGHIIHFWVRQQLWURJHQEHKDYLRXUZHUH LQFRUSRUDWHGZLWKLQ WKHVDPH
H[SHULPHQWDODUHDV7KLVODUJHVFDOHV\VWHPDSSURDFKWRQLWURJHQPDQDJHPHQWZDVVXVWDLQHGIRU
VL[\HDUVZLWKUHSOLFDWHGWUHDWPHQWV$VZHOODVSURYLGLQJWKHSULPDU\REMHFWLYHVRIGHPRQVWUDWLQJ
WKH HIIHFWV RI FRQYHQWLRQDO DQG QRYHOPDQDJHPHQW UHJLPHV WKURXJKRXW DQ DQQXDO SURGXFWLRQ
F\FOHDQG WKHLU LQWHUDFWLRQZLWKVXSSOLHV IURPPDQXUHV WKHHIIHFWVRQ WKH WZRYDVWO\GLIIHUHQW
VRLOW\SHVDOVRSURYLGHGWHVWEHGVIRUPRGHOGHYHORSPHQWDQGYDOLGDWLRQ
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/LIHF\FOHVWXGLHVRQHIIHFWVRIPDQXUHPDQDJHPHQW
RQHPLVVLRQVRIJUHHQKRXVHJDVHV
6KDOORZLQMHFWLRQRIVOXUU\LQWRJUDVVODQG

7KHIDUPVFDOHV\VWHPDSSURDFKZDVDOVRGHYHORSHG
IXUWKHU LQ RWKHU VWXGLHV RII VLWH ,Q WKH ¿UVWPDMRU
LQWHUDFWLRQ EHWZHHQ %%65& 1(5& DQG (65&
IXQGLQJ ZDV DFTXLUHG WR IROORZ VRPH RI WKH NH\
QXWULHQW DQGELRGLYHUVLW\ LPSDFWV RI WKH FRQYHUVLRQ
SKDVH RI RUJDQLF IDUPLQJ DW WKH 'XFK\ IDUP DW
7HWEXU\ WKLV LQYROYHG ,*(5 1RUWK :\NH DQG
$EHU\VWZ\WK ZLWK 5RWKDPVWHG 5HVHDUFK &(+
DQG WKH 8QLYHUVLW\ RI (DVW $QJOLD 7KLV SURYLGHG
QRYHO LQIRUPDWLRQ RQ WKH FKDQJHV WKDW RFFXUUHG
GXULQJ WKH WUDQVLWLRQ IURP FRQYHQWLRQDO WR RUJDQLF
7KH0LQL&DWFKPHQW:RUNDW1RUWK:\NH
5HVHDUFK RQ 5RZGHQ DW 1RUWK :\NH KHOSHG WR
GHPRQVWUDWH WKDW VLJQL¿FDQW TXDQWLWLHV RI ZDWHU
SROOXWLQJVXEVWDQFHVQLWUDWHSKRVSKRUXVVHGLPHQW
DQG IDHFDO RUJDQLVPV ZHUH WUDQVIHUUHG IURP
H[SHULPHQWDO SORWV LQWR GUDLQV +RZHYHU LQ WKH
HDUO\ V QHZ SROLF\ SUHVVXUHV FDPH IURP WKH
(XURSHDQ8QLRQ¶V:DWHU)UDPHZRUN'LUHFWLYHDQGLW
EHFDPHFOHDUWKDWZHQHHGHGWRDGGUHVVWKHLVVXHRI
µGHOLYHU\¶IURPWKHHGJHRIWKHSORWRU¿HOGWRWKHULYHU
:HWKXVQHHGHGWRVFDOHXSRXUXQGHUVWDQGLQJDQG
VRDURXQG,VHWDERXWWU\LQJWR¿QGORFDWLRQV
WKDWZHUHVXLWDEOH,WZDVDFKDOOHQJHEHFDXVHZH
QHHGHGVPDOOHQRXJKµKHDGZDWHUV¶IRUXVWRKDYHD
UHDVRQDEOHFKDQFHRIVHHLQJDUHVSRQVHDQGDOVRWR
DYRLGRWKHUFRQIRXQGLQJLVVXHVVXFKDVLQSXWVIURP
VHSWLFWDQNVRUSRLQWVRXUFHSROOXWDQWV:HDOVRKDG
WRKDYHµIULHQGO\¶IDUPHUVRQERDUGZKRZRXOGDOORZ
XV DFFHVV WR PRQLWRULQJ HTXLSPHQW , UHFDOO PDQ\
SOHDVXUDEOH KRXUV SRULQJ RYHU PDSV DQG URDPLQJ
WKHURDGVRI'HYRQZLWK7LP+DUURG1HLO3UHHG\DQG
$GULDQ-R\QHV,WKLQNRQRQHRFFDVLRQP\ZLIH$QQH
DQGQHZERUQVRQ0DWWKHZMRLQHGLQWKHFDWFKPHQW
KXQW  (YHQWXDOO\ZH VHWWOHG RQ WZR ORFDO OLYHVWRFN
IDUPV'UHZVWRQ FORVH WR&KDJIRUG RQ WKH HGJH RI
'DUWPRRUDQG'HQEURRNFORVHUWR1RUWK:\NHDQG
DGMDFHQWWRWKH5DLOZD\,QQ
0RUH UHFHQWO\ZH VWDUWHG WRPRQLWRU WKH5LYHU7DZ
RQ WKH1RUWK:\NHHVWDWH7KHVHFDWFKPHQWVKDYH
VHUYHGDVGHPRQVWUDWLRQVIRU'HIUDDQGRWKHUYLVLWRUV
VRPHLQWHUQDWLRQDODOHDUQLQJSODWIRUPIRUVWXGHQWV
DQG D PHHWLQJ SRLQW IRU FROODERUDWLRQ 7KH\ KDYH
DOVRKHOSHGXVUHFRQFHSWXDOLVHLVVXHVRIJUDVVODQG
VRLOK\GURORJ\E\JRLQJWRµUHDO¶FDWFKPHQWVZHKDG
UHOLQTXLVKHGRXUUHGXFWLRQLVWFRQWUROEXWZHKDGRSHQHG
WKH GRRU WR D QHZ ZDYH RI HPSLULFDO REVHUYDWLRQV
WKDW KDV KHOSHG XV WR OHDUQ DERXW JUDVVODQG
PDQDJHPHQWLQGLIIHUHQWZD\VHPEUDFLQJFRPSOH[LW\
DQGPRGHOXQFHUWDLQW\6XFKKROLVWLFDQG LQWHJUDWHG
VWXGLHV GUHZ VWURQJ SDUDOOHOVZLWK V\VWHPV ELRORJ\
ZKLFK XVXDOO\ IRFXVVHG RQ FHOOV QRW FDWFKPHQWV
DQGKHOSHGXVWRUHPLQG%%65&RIWKHLPSRUWDQFHRI
ODQGVFDSHDQGVRLOVFLHQFH
3KLO+D\JDUWK1RUWK:\NH±
3ODQRI'HQEURRNFDWFKPHQWVKRZLQJ
ERXQGDULHVDQGGUDLQDJH
0HDVXULQJZDWHUÀRZLQWKH'HQEURRNFDWFKPHQW
%,2',9(56,7<$1'6<67(065(6($5&+

6,06'$,5<$1RYHO0RGHOOLQJ)UDPHZRUNWR
6SHFLI\5RXWHV7RZDUGV6XVWDLQDELOLW\IRU8.
'DLU\6\VWHPV
6LQFHWKHVGDLU\IDUPLQJKDVEHHQFKDOOHQJHG
ZLWK PLWLJDWLQJ LWV SROOXWLRQ RI ZDWHU DQG WKH
DWPRVSKHUH WR ZLWKLQ LQWHUQDWLRQDOO\ DJUHHG OLPLWV
ZKLOH DW WKH VDPH WLPH VWUXJJOLQJ WR PDLQWDLQ
SUR¿WDELOLW\ &RPH WKH VW &HQWXU\ WKH OLVW RI
VXVWDLQDELOLW\FULWHULDKDVJURZQIXUWKHUWRHQFRPSDVV
PDQDJHPHQW DQG XVDJH RI PXOWLIXQFWLRQDO
ODQGVFDSHV 6,06'$,5< D IDUPVFDOH QXWULHQW ÀRZ
PRGHOOLQJ IUDPHZRUN ZDV GHYHORSHG WR H[SORUH WR
ZKDW H[WHQW WKHVH SURGXFWLRQ HQYLURQPHQWDO DQG
VRFLHWDOJRDOVPLJKWEHUHFRQFLOHG
6,06'$,5< LQFOXGHV G\QDPLF OLQNDJHV EHWZHHQ
H[LVWLQJ DQG QHZ PRGHOV RI V\VWHP FRPSRQHQWV
GHVFULELQJ DQLPDO IHHGLQJ SDVWXUH VWRFN DQG
PDQXUH PDQDJHPHQW IDUP HFRQRPLFV HPLVVLRQV
RI JUHHQKRXVH JDVHV DQG DPPRQLD DQG ORVVHV RI
QLWUDWHDQGSKRVSKRUXVWRZDWHU,WDOVRLQFRUSRUDWHV
QRYHO µVFRUH PDWULFHV¶ IRU RWKHU V\VWHP DWWULEXWHV
LQFOXGLQJ ELRGLYHUVLW\ ODQGVFDSH DHVWKHWLFV DQLPDO
ZHOIDUH SURGXFW TXDOLW\ DQG VRLO TXDOLW\ ,W FDQ
RSWLPLVH DQG UDQN V\VWHPV DJDLQVW VXVWDLQDELOLW\
FULWHULD
,WKDVEHHQXVHGWR
 VSHFLI\D UDQJHRIQHZGDLU\V\VWHPV IRU8.
DJULFXOWXUH DQG WR WUDFN WKH WUDMHFWRULHV RI FXUUHQW
V\VWHPVWRZDUGVVXVWDLQDELOLW\WKURXJKSUDFWLFDODQG
DIIRUGDEOHVWDJHV
 VKRZWKDWUHVHDUFKRQJHQHWLFVDQGEUHHGLQJ
ZRXOGEHPRUHFRVWHIIHFWLYHWKDQWKDWRQLPSURYHG
IDUP PDQDJHPHQWV LQ WKH HYROXWLRQ RI PRUH
VXVWDLQDEOHGDLU\V\VWHPV
:HQRZKRSHWRLQFRUSRUDWHHQHUJ\DQGFDUERQÀRZV
LQWRWKHIUDPHZRUNWREURDGHQLWVVSDWLDOVFDOHDQGWR
H[WHQGWKHUDQJHRIODQGXVHVVLPXODWHG
'DYLG 6FKROH¿HOG +XUOH\ ± 1RUWK :\NH
±
$JXVWLQGHO3UDGR1RUWK:\NH±
PDQDJHPHQW $QRWKHU 'HIUD VWXG\ IROORZHG WKLV LQ
WKH VDPH JHRJUDSKLFDO DUHD EXW ZDV VSHFL¿FDOO\
IRFXVVHG RQ QLWURJHQ PDQDJHPHQW DQG ORVVHV
WKLV WLPH EDVHG RQ D FRQYHQWLRQDO PL[HG IDUPLQJ
V\VWHP RQ WKH IUHHO\GUDLQLQJ VRLO RI WKH &RWVZROGV
ZLWK 5RWKDPVWHG 5HVHDUFK DQG 5R\DO $JULFXOWXUDO
&ROOHJH DW &LUHQFHVWHU $ 1RUWK :\NH FRQWULEXWLRQ
ZDV DOVR PDGH WR DQ $'$6 VWXG\ RI GDLU\IDUPLQJ
PDQDJHPHQW V\VWHPV EDVHG DW $'$6 %ULGJHW¶V
LQ +DPSVKLUH $OO RI WKHVH VWXGLHV ZHUH NH\ LQ
GHPRQVWUDWLQJ WKH RSSRUWXQLWLHV WKDW WKHUH ZHUH IRU
GHYHORSLQJ QHZ RU LPSURYHG PDQDJHPHQWV ZLWK
SUDFWLFDO DSSURDFKHV GHULYHG IURP WKHVH DQG RWKHU
UHFHQW UHVHDUFK ¿QGLQJV LQ RUGHU WR FKDQJHQLWURJHQ
XVHWRUHGXFHHPLVVLRQV
7KH LPSRUWDQFH RI LQWHJUDWLQJ QDWXUDO DQG VRFLDO
VFLHQFHV ZDV UHFRJQLVHG LQ WKH PRUH UHFHQW 5XUDO
(FRQRP\DQG/DQG8VH5(/8SURJUDPPHZLWK1RUWK
:\NHEHLQJVXFFHVVIXOLQEHFRPLQJDPDMRUSDUWQHULQ
SURMHFWVFRQFHUQHGZLWKDVSHFWVRIPLFURELDOFRQWDPLQDQWVRIZDWHUVDQGRIELRGLYHUVLW\7KLVZDV
DUHÀHFWLRQRIQRWRQO\WKHVSHFL¿FH[SHUWLVHUHTXLUHGWRXQGHUWDNHWKHVHSURMHFWVEXWDOVRRIWKH
FDSDELOLW\RIWKHUHVHDUFKVFLHQWLVWVWRLQWHJUDWHLQGLYLGXDOFRPSRQHQWHIIHFWVDQGWRV\QWKHVLVH
V\VWHPV8QGHUWKHGLUHFWRUVKLSRI&KULV3ROORFNWKHUHZDVDQDFWLYHHQFRXUDJHPHQWIRUDOOWR
LQYROYHRWKHUNH\FRPSRQHQWVRIDVSHFWVRIWKH,QVWLWXWHSURJUDPPHLQWRDµELJJHUVFDOH¶WKLQNLQJ
)URPWKLVWKHQRWLRQRIµUHVHDUFKSODWIRUPV¶HYROYHGIURPWKHGLVFXVVLRQVRIWKHJURXSRIVHQLRU
VFLHQWLVWVWDVNHGZLWKWDNLQJWKHQH[WSKDVHRI,*(5¶VUHVHDUFKIRUZDUG7KLVYHU\PXFKLQYROYHG
WKH5RZGHQ([SHULPHQWDQGWKHLQLWLDOGLVFXVVLRQRIDZKROHIDUPSODWIRUPDW1RUWK:\NHVWDUWHG
WRHPHUJH7KHSRVVLELOLW\ZDVDOVRLQYHVWLJDWHGDWWKLVWLPHZLWKFROOHDJXHVLQ,15$)UDQFHRI
REWDLQLQJ IXQGLQJ IRU WKH HVWDEOLVKPHQW RI D (XURSHDQ QHWZRUN RI ODUJH V\VWHPVVFDOH
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)DUPOHWVDW5RZGHQLQYROYLQJLQWHJUDWLRQRIFXWWLQJ
DQGJUD]LQJPDQXUHDQGIHUWLOLVHUPDQDJHPHQWZLWK
DVVHVVPHQWVRISURGXFWLRQDQGQXWULHQWF\FOLQJ

H[SHULPHQWDO SODWIRUPVVXFKDV5RZGHQ WRSURYLGHDZLGHEDVHRI UHVHDUFKRSSRUWXQLW\RYHU
ELJJHUVSDWLDODQG ORQJHU WHPSRUDOVFDOHV7KLVKDVVXEVHTXHQWO\GHYHORSHG LQWRD(XURSHDQ
ZLGHSURMHFW$1$((ZKLFK LVDQ LPSRUWDQWGHYHORSPHQW LQSURYLGLQJDFKDLQRIREVHUYDWLRQV
DQGUHVHDUFKRSSRUWXQLWLHV
'HYHORSPHQW RI XQGHUVWDQGLQJ SKRVSKRUXV ORVV WR ZDWHUV DQG LWV FRQWURO DOVR UHTXLUHG D
ELJJHU V\VWHP VFDOH DSSUHFLDWLRQ WKDQ SUHYLRXVO\ DFNQRZOHGJHG7KH5RZGHQ SODWIRUPDJDLQ
IRUPHGDNH\ LQLWLDOVWDJHDQGSURYLGHGDKXJHVWHS IRUZDUG LQTXDQWLI\LQJDQGXQGHUVWDQGLQJ
SKRVSKRUXVORVVHVIURPW\SLFDOJUDVVODQGVRLOVLQWRVXUIDFHZDWHUV2QFHWKLVKDGEHHQGRQHDQG
VRPHRI WKHPRUH IXQGDPHQWDOSURFHVVHVKDGEHHQ LGHQWL¿HGDQGXQGHUVWRRG WKHQH[WVWDJH
ZDVWRPRYHXSVFDOHVRWKDWHIIHFWVLQDORFDOVXUIDFHZDWHUGUDLQDJHV\VWHPFRXOGEHIROORZHG
DNH\QHFHVVLW\IRUFRPSOLDQFHZLWKWKH:DWHU)UDPHZRUN'LUHFWLYH7KHUHVHDUFKWKXVUHTXLUHG
DVFDOHEH\RQGWKHIDUPOHWV\VWHPVFDOHDQGOLQNDJHZLWKDFDWFKPHQWWRLQWHJUDWHPDQDJHPHQW
HIIHFWVRYHUWKHELJJHUVFDOH8QGHUWKHOHDGHUVKLSRI3KLO+D\JDUWKWKHRQIDUPPRQLWRULQJRI
DSULPDU\VWUHDPFDWFKPHQWDWWKHQHDUE\'HQEURRNDQGDQRWKHUORFDOVPDOOFDWFKPHQWRQWKH
HGJHRI'DUWPRRUZDVDQLPSRUWDQWVWHSIRUZDUG
$VZLWKRWKHUSKDVHVRIWKH,QVWLWXWH¶VUHVHDUFK
DQGKDQGLQKDQGZLWKH[SHULPHQWDO V\VWHPV
PRGHOV RI QXWULHQW ÀRZ KDYH DOVR EHHQ D
NH\ IHDWXUH RI WKH RXWSXWV IURP +XUOH\ DQG
1RUWK :\NH 7KH 1&<&/( VXLWH RI PRGHOV
FRQVWUXFWHG E\ 'DYLG 6FKROH¿HOG DQG RWKHUV
KDV DOUHDG\ EHHQ QRWHG EXW WKH H[WHQVLRQ RI
WKHVH E\ 'DYLG 6FKROH¿HOG DQG $JXVWLQ GHO
3UDGR WR D FRPSOHWH V\VWHPV GDLU\ PRGHO
6,06'$,5< SURGXFHG D QRYHO PRGHOOLQJ
IUDPHZRUN WR VSHFLI\ URXWHV WRZDUGV
VXVWDLQDELOLW\ IRU 8. GDLU\ V\VWHPV DQG
H[WHQGHG WKH FDSDELOLW\ WR ORRNLQJ DW RWKHU
HQYLURQPHQWDODQGPDQDJHULDOLVVXHV$QRWKHU
LPSRUWDQW IDFHW RI WKH PRGHOOLQJ DFWLYLW\ ZDV WKH V\QWKHVLV RI  H[SHULPHQWDO DQG RQIDUP
LQIRUPDWLRQ WRJHWKHU ZLWK PRGHO RXWSXWV WR GH¿QH UHDOLVWLF DQG W\SLFDO ZKROHIDUP V\VWHPV
GHVFULSWLRQVRIQLWURJHQLQK\SRWKHWLFDOGDLU\IDUPLQJV\VWHPVLQWKH¿UVWLQVWDQFH7KLVDSSURDFK
ZDVH[WHQGHG WRHVWLPDWH WKHÀRZVRQ UHDO IDUPV WRGHULYHSKRVSKRUXVEDODQFHVGHWHUPLQH
JUHHQKRXVHJDVHPLVVLRQVDQGWRSURYLGHHVWLPDWHVRIWKHHIIHFWVRISUDFWLFDORSWLRQVWRFKDQJH
PDQDJHPHQWV WR LPSURYH QXWULHQW XVH DQG UHGXFH WKH HQYLURQPHQWDO IRRWSULQW 7KLV DJDLQ
KHOSHGWRUHLQIRUFHWKHQHHGWRSURYLGHDQLQWHJUDWLRQRIHIIHFWVDWWKLVVFDOHDQGXQGHUOLQHVWKH
LPSRUWDQFHRIWKHFXUUHQWUHVHDUFKWKUXVWRIWKH1RUWK:\NHIDUPSODWIRUPWRWDNHWKLVIRUZDUG
%,2',9(56,7<$1'6<67(065(6($5&+
'LVFXVVLRQRQVOXUU\XVHZLWKGHOHJDWHVWRLQWHUQDWLRQDO
FRQIHUHQFHRQ&RQWUROOLQJ1LWURJHQ)ORZVDQG/RVVHV
RUJDQLVHGE\1RUWK:\NHVWDIILQ

.H\2XWSXWV

.H\RXWSXWVKDYHLQFOXGHG
 $QHYDOXDWLRQRIWKHVWDWXVRIPDQDJHGJUDVVODQGVZDUGVWKURXJKRXW(QJODQGDQG:DOHV
 &RPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH UHJXODWRU\ IDFWRUV UHVWULFWLQJ WKH UHVWRUDWLRQ RI
 ELRGLYHUVLW\RIJUDVVODQG
 'HOLYHU\RISUDFWLFDOPDQDJHPHQWVIRUWKHUHVWRUDWLRQDQGRUPDLQWHQDQFHRIELRGLYHUVLW\
 7KHGHYHORSPHQWRISUDFWLFDOPDQDJHPHQWRSWLRQVIRUEHHIGDLU\DQGVKHHSSURGXFWLRQ
 3UDFWLFDOPRGHOVWRDLGGHFLVLRQPDNLQJIRUIDUPHUVDQGWKHLUDGYLVRUV
 0HFKDQLVWLFPRGHOV WRGHVFULEH LQGLYLGXDO FRPSRQHQWVRIJUDVVODQGV\VWHPVDQG WKHLU
 LQWHJUDWHGHIIHFWV
 ,PSURYHGXQGHUVWDQGLQJRIFRPSOHWHQXWULHQWÀRZV LQGDLU\DQGRWKHUJUDVVODQGEDVHG
 OLYHVWRFNV\VWHPV
 'HYHORSPHQW RI SUDFWLFDO RQIDUP RSWLRQV WR LPSURYH WKH HQYLURQPHQWDO IRRWSULQW RI
 OLYHVWRFNIDUPV
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*UDVVODQG VFLHQFHV DUH UHODWLYHO\ \RXQJ UHVHDUFK GLVFLSOLQHV WKDW HPHUJHG PDLQO\ DIWHU WKH
6HFRQG :RUOG :DU 7KH GHYHORSPHQW RI JUDVVODQG UHVHDUFK ZDV GLFWDWHG E\ WKH µJUHHQ
UHYROXWLRQ¶ IRU DQ LQFUHDVH LQ KHUEDJH SURGXFWLRQ DQG DQLPDO RXWSXWV *UHDW %ULWDLQ
SOD\HG D OHDGLQJ UROH RQ D ZRUOG VFDOH DW WKLV WLPH WKURXJK LWV WZR PDMRU UHVHDUFK FHQWUHV
*5, DW +XUOH\ DQG:3%6 DW$EHU\VWZ\WK WKH ¿UVW EHLQJPRUH VSHFLDOLVHG LQ HFRSK\VLRORJ\
DJURQRP\ DQG JUD]LQJ HFRORJ\ ZKLOH WKH VHFRQG ZDV GHYRWHG WR JHQHWLFV DQG SODQW
EUHHGLQJ7KHFRQWULEXWLRQRI*5,+XUOH\ZDVYHU\LPSRUWDQWLQVHYHUDOGRPDLQV
 $SSOLHG 3ODQW 3K\VLRORJ\ LQ SDUWLFXODU SODQW DQG FDQRS\ SKRWRV\QWKHVLV DQG JURZWK
 UHJXODWLRQRIQLWURJHQ¿[DWLRQE\OHJXPHVDQGQLWURJHQQXWULWLRQ
 *UDVVODQG$JURQRP\LQSDUWLFXODUWKHPDQDJHPHQWRIQLWURJHQIHUWLOLVHUVWKHVRLOSODQW
 LQWHUDFWLRQDQGWKHRSWLPLVDWLRQRIKHUEDJHKDUYHVWDQGFRQVHUYDWLRQ
 *UD]LQJ(FRORJ\LQSDUWLFXODUWKHSLRQHHULQJUHVHDUFKRQSODQWDQLPDOLQWHUDFWLRQVZKLFK
 RSHQWKHGRRUIRUJUD]LQJEHKDYLRXUVWXGLHVDQGDOOWKHZRUNRQJUD]LQJPDQDJHPHQW
 (QYLURQPHQW LQ SDUWLFXODU WKH SLRQHHULQJ UHVHDUFK RQ JUHHQKRXVH JDV HPLVVLRQV
 FRQGXFWHG ¿UVW LQ +XUOH\ DQG WKHQ LQ 1RUWK:\NH DQG WKH ELRJHRFKHPLFDO F\FOHV RI
 FDUERQQLWURJHQDQGSKRVSKRUXVDQGJURXQGZDWHUTXDOLW\
 *UDVVODQG (FRORJ\ DQG %LRGLYHUVLW\ PDLQO\ GHYHORSHG IURP 1RUWK :\NH RQ QDWXUDO
 JUDVVODQGDUHDVEXWZLWKDYLVLRQRIODQGVFDSHHFRORJ\
)RUDOO WKHVH FRQWULEXWLRQV+XUOH\DQG1RUWK:\NHZHUH FRQVLGHUHGDV WKH OHDGHUVDWZRUOG
ZLGHOHYHOVDQGWKHLUVFLHQWL¿FRXWSXWZHUHPXFKGLVVHPLQDWHGDURXQGWKHSODQHW$OWKRXJKQRW
FHQWUDOWRP\RZQUHVHDUFKDUHD,DPDZDUHWKDWVFLHQWLVWVDW+XUOH\DOVRFDUULHGRXWJURXQG
EUHDNLQJUHVHDUFKRQKHUEDJHTXDOLW\DQGUXPLQDQWQXWULWLRQ7KHFORVXUHRI+XUOH\LQZDV
DFFRPSDQLHG E\ D SDUWLDO WUDQVIHU RI VFLHQWL¿F VWDII WR1RUWK:\NHZLWK WKH FOHDU REMHFWLYH WR
GHYHORS UHVHDUFK WDUJHWHGPRUH DW D JUDVVODQG HFRV\VWHP OHYHO UDWKHU WKDQ DQ DJURV\VWHP
RQO\2QFHDJDLQ WKLVVWUDWHJ\ZDVSLRQHHULQJDQGQRZ1RUWK:\NHDSSHDUVDVDQDGYDQFHG
LQWHUQDWLRQDOUHVHDUFKFHQWUHIRUJUDVVODQGHFRORJ\DQGHQYLURQPHQW7KHDWWHPSWWROLQNPRUH
LQWLPDWHO\ WKH HFRV\VWHP UHVHDUFK DW 1RUWK :\NH ZLWK WKH JHQHWLF UHVHDUFK LQ $EHU\VWZ\WK
ZDVQRWWRWDOO\VXFFHVVIXOGHVSLWHWKHJUHDWLQWHUHVWIRUXVLQJJHQRPLFWRROVIRUDQHYROXWLRQDU\
JHQHWLFDSSURDFKWRJUDVVODQGELRGLYHUVLW\G\QDPLFV1HYHUWKHOHVVWKHQHZOLQNVRI1RUWK:\NH
ZLWK5RWKDPVWHG5HVHDUFKRIIHUWKHRSSRUWXQLW\IRUVWXG\LQJWKHLQWHUDFWLRQVRIJUDVVODQGDUHDV
DQGDQLPDOSURGXFWLRQV\VWHPVZLWKDUDEOHFURSSLQJDUHDV IRUPRUHVXVWDLQDEOH ODQGXVHDQG
PDQDJHPHQWV\VWHPV7KHROGFRQFHSWRI OH\IDUPLQJDWWKHEDVHRI*5,+XUOH\¶VSKLORVRSK\
DW WKH WLPH RI LWV FUHDWLRQ KDV WR EH UHXVHG DQG DGDSWHG WR FXUUHQW ODQGVFDSH HFRORJ\ DQG
HQYLURQPHQWVWXGLHV7KXVWKHVFLHQWL¿FKHULWDJHRI+XUOH\FDQQRZEHUHF\FOHGZLWKLQWKHPRUH
LQWHJUDWHGDSSURDFKRIDJURHFRV\VWHPVVHUYLFHV
*LOOHV/HPDLUH'LUHFWRURI5HVHDUFK,15$)UDQFH
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7KHUHZDVJUHDWFKDQJHDW1RUWK:\NHLQZLWKDQHZ+HDGRI6LWHEHLQJDSSRLQWHGMXVW
DVLWZDVEHLQJKLWE\UHGXQGDQFLHVUHVXOWLQJIURPFXWVLQ'HIUDIXQGLQJ6LQFHWKHQWKHFKDQJH
KDVRQO\LQFUHDVHGDV1RUWK:\NHVSOLWIURP,*(5WRKDYHDEULHISHULRGDVDGLVWLQFWUHVHDUFK
LQVWLWXWH1RUWK:\NH5HVHDUFKEHIRUHLWVPHUJHUZLWK5RWKDPVWHG5HVHDUFKLQ

7KHUHVHDUFKHQYLURQPHQWKDVFKDQJHGHYHQPRUHHYHQWKRXJKIXQGLQJFRQWLQXHVWRJHWWLJKWHU
7KHELJJHVWFKDQJHRIDOOLVWKHQHZLQWHUQDWLRQDOFRQFHUQDERXWIRRGVHFXULW\/HV)LUEDQNWKH
+HDGRI1RUWK:\NH5HVHDUFKZDVDPHPEHURI WKH,QWHUQDWLRQDO$VVHVVPHQWRI$JULFXOWXUDO
6FLHQFHDQG7HFKQRORJ\ IRU'HYHORSPHQW WKDWZDV ORRNLQJDW WKH IXWXUHRI JOREDO DJULFXOWXUH
LQ WKHFRQWH[WRIDWWHPSWVWRUHGXFHSRYHUW\DQGDGGUHVVWKH LQFUHDVLQJO\GDPDJLQJHIIHFWVRI
HQYLURQPHQWDOGHJUDGDWLRQRQDJULFXOWXUH,QDVSLNHLQRLOSULFHVWULJJHUHGVWHHSULVHVLQ
WKHSULFHVRIDJULFXOWXUDOFRPPRGLWLHVUHVXOWLQJLQIRRGVKRUWDJHVLQVHYHUDOSDUWVRIWKHZRUOG
7KLVFRXOGEHDVLJQRIWKLQJVWRFRPHWKHFXUUHQW*RYHUQPHQW&KLHI6FLHQWLVW-RKQ%HGGLQJWRQ
VD\VWKDWWKHUHDUHUHDOULVNVRIIRRGVKRUWDJHVE\1RRQHZDQWVWRJREDFNWRWKHGD\VRI
ROGVW\OHLQWHQVLYHDJULFXOWXUHZDVWHIXOLQHQHUJ\DQGQXWULHQWVDQGKDUPIXOWRZLOGOLIH,W¶VFOHDU
WKDWZHQHHGWRGHYHORSSURGXFWLYHDJULFXOWXUHWKDWFRQWULEXWHVSRVLWLYHO\WRHQYLURQPHQWDOTXDOLW\
$NH\FKDOOHQJHLVWRXQGHUVWDQGKRZIDUPHUVFDQEHWWHUPDQLSXODWHÀRZVRIFDUERQQXWULHQWV
HQHUJ\DQGZDWHUWKURXJKVRLOVSODQWVDQGDQLPDOVLQDQGDURXQG¿HOGV$URXQGWKHZRUOGQHZ
UHVHDUFKLQIUDVWUXFWXUHVDUHEHLQJHVWDEOLVKHGWRORRNDWWKHXQGHUO\LQJSURFHVVHVDWQHZOHYHOV
RIGHWDLOZKHWKHULQWKHODERUDWRU\¿HOGRUFRQWUROOHGHQYLURQPHQWWRKHOSSUHGLFWDQGPDQDJH
DJULFXOWXUDODQGRWKHUHFRV\VWHPVLQWKHIDFHRIFOLPDWHFKDQJHDQGWKHQHZGHPDQGVIRUPRUH
LQWHQVLYHSURGXFWLRQ:HFDQSUREHVRLO IXQFWLRQDVQHYHUEHIRUHE\XVLQJVWDEOH LVRWRSHDQG
FKHPLFDOVLJQDWXUHVWRWUDFNFKDQJHVLQVRLOFKHPLVWU\DQGOLQNWKHPGLUHFWO\WRFKDQJHVLQWKH
IXQFWLRQ RI VRLO RUJDQLVPVDV UHYHDOHG WKURXJK FKDQJHV LQ HQ]\PH OHYHOV DQG JHQH IXQFWLRQ
(QYLURQPHQWDO VHQVRUV DUH QRZ FDSDEOH RI PRQLWRULQJ ZDWHU ÀRZV ZDWHU TXDOLW\ DQG JUHHQ
KRXVHJDVHVDWYHU\¿QHVFDOHVDOORZLQJXVWRLGHQWLI\ZKDWFDXVHVVSLNHVRIJUHHQKRXVHJDV
HPLVVLRQVRUZDWHUSROOXWLRQ:HFDQEULQJWKHVHGDWDWRJHWKHUE\DSSO\LQJDGYDQFHVLQFRPSXWLQJ
DQGLQIRUPDWLFVWRKHOSXVGHYHORSWKHGHWDLOHGPRGHOVQHHGHGWRGHYHORSDQHZJHQHUDWLRQRI
SUHFLVLRQDJULFXOWXUH1RUWK:\NH5HVHDUFK LV LQ WKH IRUHIURQWRI WKLV NLQGRI WKLQNLQJ7RJLYH
EXWRQHH[DPSOH1RUWK:\NHKDV WDNHQ WKH OHDG LQDVVHPEOLQJ WKHQDWLRQDOJUHHQKRXVHJDV
LQYHQWRULHVIRUPHWKDQHDQGQLWURXVR[LGHIURPDJULFXOWXUH+RZHYHUWKHFXUUHQWLQYHQWRULHVDUH
YHU\FUXGH,QSDUWLFXODUWKH\GRQRWORRNDWWKHKLJKO\YDULDEOHQDWXUHRIHPLVVLRQVDFFRUGLQJ
WRVRLOFRQGLWLRQVDQGODQGXVH2XUUHVHDUFKVHHNVWRXQGHUVWDQGWKHSURFHVVHVLQWKHVRLOWKDW
JLYH ULVH WR GLIIHUHQW OHYHOV RI HPLVVLRQV DW D IXQGDPHQWDO OHYHO 7KLV LQYROYHVZRUN LQ KLJKO\
FRQWUROOHG HQYLURQPHQWV DOORZLQJ WKH UHVHDUFK WHDPV WR H[SORUH ZKDW KDSSHQV XQGHU WKHVH
GH¿QHG FRQGLWLRQV WR LQÀXHQFH HPLVVLRQV 5HVHDUFK DOVR LQFUHDVLQJO\ LQYROYHV ¿HOG
PHDVXUHPHQWVRQQHZH[SHULPHQWVWKDWDUHORRNLQJDWDYDULHW\RIIDUPPDQDJHPHQWV\VWHPV
DOORZLQJ XV WR LQYHVWLJDWH LQPRUH GHWDLO WKH SRWHQWLDO WUDGHRIIV IRU H[DPSOH EHWZHHQZDWHU

1(:
',5(&7,216)25*5$66/$1'6&,(1&(
SROOXWLRQ DQG JUHHQKRXVH JDV HPLVVLRQV 7KH
VFLHQFH LV FRPSOH[ EXW WKH RXWFRPH LV FOHDU
KLJK TXDOLW\ DGYLFH WR IDUPHUV DQGPRUH DFFXUDWH
HYLGHQFHWRSROLF\PDNHUV

7KH UDQJHRI¿HOGH[SHULPHQWVDW1RUWK:\NHKDV
LQFUHDVHG UHPDUNDEO\ LQ UHFHQW \HDUV ,Q WKH HDUO\
V WKH PDLQ ¿HOG H[SHULPHQWV RQ VLWH ZHUH
WKH 5RZGHQ 'UDLQDJH SODWIRUP ODUJHVFDOH VOXUU\
PDQXUH PDQDJHPHQW VWXGLHV JUD]LQJ DQLPDO
EHKDYLRXU VWXGLHV DQG H[SHULPHQWV ORRNLQJ DW
ELRGLYHUVLW\ 1RZ WKHUH DUH QHZ SURMHFWV ORRNLQJ
DWGLIIHUHQWZD\VRIPDQDJLQJ¿HOGHGJHV WREXIIHU
DJDLQVW GLIIXVH SROOXWLRQ WKH SRWHQWLDO IRU QHZ
JUDVVYDULHWLHV WRUHGXFHWKHÀRZRIZDWHU WKURXJK
WKH VRLO LQ RUGHU WR EHWWHU PDQDJH ÀRRG ULVNV
WKH SHUIRUPDQFH RI ZRRG FKLS FRUUDOV IRU FDWWOH
KRXVLQJ DQG ZD\V WR LPSURYH WKH ERWDQLFDO
GLYHUVLW\ RQ LPSURYHG JUDVVODQG ,QFUHDVLQJO\
H[SHULPHQWVDUHLQWHUGLVFLSOLQDU\ ORRNLQJDWPXOWLSOHHQYLURQPHQWDO LPSDFWV7KHQHZ+LJK¿HOG
H[SHULPHQWDW5RWKDPVWHGEULQJVWRJHWKHUVFLHQWLVWVDFURVVERWKVLWHVWRDGGUHVVWKHELRORJLFDO
UHVSRQVH WRPDMRU FKDQJHV LQ ODQGPDQDJHPHQW RQ SDUWV RI WKH FODVVLF H[SHULPHQWV D YHU\
YLVLEOHVLJQRIWKHVFLHQWL¿FEHQH¿WVWKDWDUHFRPLQJDERXWIURPRXUPHUJHU
7KHQH[WSKDVHDW1RUWK:\NH5HVHDUFKZLOOWDNHWKLVDSSURDFKWRDZKROHQHZOHYHO7KH1RUWK
:\NH)DUP3ODWIRUPZLOOFUHDWHDQHZIDUPVFDOHEDVLVWRORRNDWDZKROHUDQJHRISURFHVVHV
XQGHUGLIIHUHQWPDQDJHPHQWV\VWHPVRYHUPDQ\\HDUV6FLHQWLVWVIURPDFURVVWKH8.DQGEH\RQG
ZLOOEHDEOHWRSRRO LGHDVH[SHULPHQWDOUHVRXUFHVDQGGDWDZRUNLQJZLWKRXUSDUWQHUV'XFK\
&ROOHJH ([HWHU DQG 3O\PRXWK 8QLYHUVLWLHV LQ WKH 3HQLQVXOD 3DUWQHUVKLS IRU WKH 5XUDO
(QYLURQPHQW335(WRHPEHGWKHUHVHDUFK¿QGLQJV LQWRWUDLQLQJDQGNQRZOHGJHH[FKDQJHLQ
WKH6RXWK:HVW$WWKHVDPHWLPHZHDUHGHYHORSLQJFROODERUDWLRQVDURXQGWKHZRUOGIRUPXWXDO
EHQH¿W
1RUWK:\NHZDVIRXQGHGWRFRQGXFWUHVHDUFKLQWRSURGXFWLYHDJULFXOWXUH7KHSURJUDPPHWKHQ
HQFRPSDVVHGDQGGHYHORSHGUHVHDUFKLQWRHQYLURQPHQWDOSURWHFWLRQDQGHQKDQFHPHQW,WLVQRZ
DW WKH IRUHIURQW RI FRQGXFWLQJ UHVHDUFK WR HQDEOH ERWK DJULFXOWXUDO SURGXFWLRQ DQG GHOLYHU\ RI
HFRV\VWHPVHUYLFHVLQDZRUOGRIULVLQJSRSXODWLRQVDQGFKDQJLQJFOLPDWHV7KLVZDVLPSRUWDQW
FKDOOHQJLQJH[FLWLQJZRUNWKHQDQGZLOOEHHYHQPRUHLPSRUWDQWFKDOOHQJLQJDQGH[FLWLQJLQWKH
IXWXUH
/HV)LUEDQN

$OORFDWLRQRIODQGWRGLIIHUHQWWUHDWPHQWVIRUWKH
1RUWK:\NH)DUP3ODWIRUP
%22./,67
7KH QXPHURXV VFLHQWL¿F WHFKQLFDO DQG DGYLVRU\ SXEOLFDWLRQV E\ VWDII DW +XUOH\ DQG 1RUWK
:\NH DUH GHWDLOHG LQ WKH ,QVWLWXWH $QQXDO 5HSRUWV KDUG FRSLHV RI ZKLFK ZHUH SXEOLVKHG
XQWLO  ,*(5 $QQXDO 5HSRUWV IRU WKH \HDUV ± DUH RQ WKH LQWHUQHW DW
ZZZDEHUDFXNHQLEHUVSXEOLFDWLRQVLJHUDUFKLYHDQQXDOUHSRUWVDQGLQIRUPDWLRQRQ1RUWK:\NH
DWZZZQRUWKZ\NHEEVUFDFXN6RPHERRNVSXEOLVKHGE\ WKH5HVHDUFK6WDWLRQVRUZULWWHQE\
PHPEHUVRIVWDIIDUHOLVWHGEHORZ
&RUUDOO$-(I¿FLHQW*UDVVODQG)DUPLQJ2FFDVLRQDO6\PSRVLXP%ULWLVK*UDVVODQG
 6RFLHW\+XUOH\
&RUUDOO$- 0RQH\IURP*UDVV2FFDVLRQDO6\PSRVLXP%ULWLVK*UDVVODQG6RFLHW\
 +XUOH\
'DYLHV:7KH*UDVV&URS6SRQ/RQGRQ
)RUEHV 7- 'LEE & *UHHQ -2 +RSNLQV $ DQG 3HHO 6  )DFWRUV $IIHFWLQJ WKH
 3URGXFWLYLW\RI3HUPDQHQW*UDVVODQG$1DWLRQDO)DUP6WXG\*UDVVODQG5HVHDUFK,QVWLWXWH
 DQG$JULFXOWXUDO'HYHORSPHQWDQG$GYLVRU\6HUYLFH+XUOH\
)UDQFH - DQG 7KRUQOH\ -+0  0DWKHPDWLFDO 0RGHOV LQ $JULFXOWXUH %XWWHUZRUWKV
 /RQGRQ
*RUGRQ7HG,*(5,QQRYDWLRQV1R,*(5$EHU\VWZ\WKFRPSULVHVDUWLFOHVWRPDUN
 \HDUVRIUHVHDUFKDW1RUWK:\NH
*UDVVODQG5HVHDUFK,QVWLWXWH5HVHDUFK7HFKQLTXHVLQ8VHDWWKH*UDVVODQG5HVHDUFK
 ,QVWLWXWH+XUOH\&RPPRQZHDOWK$JULFXOWXUDO%XUHDX[)DUQKDP5R\DO
*UHHQ-2$6DPSOH6XUYH\RI*UDVVODQGLQ(QJODQGDQG:DOHV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